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“If you ask me, it’s time 


Farnsworth came off the North American run. “’ 


B.O.A.C. were first to fly the North Atlantic as a two-way year-round 
; service, and for two years they were the only airline to fly it Winter 
oe and Summer in both directions. Farnsworth is one of 20 Captains 
who have made more than 100 crossings, so there is an excuse for 
him if he tends to feel equally at home on either side of the Atlantic. 
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THE ROYAL AERONAUTICAL SOCIETY 
4 HAMILTON PLACE, PICCADILLY, LONDON, W.1 


JUNE NOTICES 1948 


“JOURNAL PREMIUM AWARDS 
The Council have set aside an annual sum of £250 for the award of premiums for 
papers published in the Journal and the Council hope that members (or 
non-members) will contribute papers on their own special subjects. 


CONTENTS OF THE JUNE JOURNAL 
Aerodynamics of the Gas Turbine, by A. R. Howell, M.A. 
Evolution of the Design of an Aeroplane, by Professor R. L. Lickley, B.Sc., 
D.I.C., F.R.Ae.S. 
The Eighty-third Annual Report of the Council 1947-1948. 


MEDALS AND AWARDS 
In addition to the List of Medals and Awards published in the April Monthly - 
Notices, the following have been awarded by the Council:— 


The British Gold Medal for Aeronautics 


Awarded for an achievement leading to advancement in aeronautical science, to 
E. W. Hives, C.H., M.B.E., Fellow, for his work on aero-engine development. 


The British Silver Medal for Aeronautics 

Awarded for an achievement leading to advancement in aeronautical science, 
posthumously awarded to Robert Kronfeld, A.F.C., Associate Fellow, for his gliding 
achievements. 

These Medals, together with those listed in April, were presented at the 36th 
Wilbur Wright Lecture on 27th May. 


HONORARY FELLOWSHIPS 
The following have been awarded Honorary Fellowship of the Society:— 
Sir Geoffrey Taylor—Yarrow Research Professor at the University of Cambridge. 
Dr. Theodore von Karman—Professor of Aeronautics at the California Institute 
of Technology and U.S. Army Chairman of the A.A.F. Scientific Advisory 


Board. 

Sir Alliott Verdon-Roe, O.B.E.—Fellow of the Society, President of Saunders- 
Roe Ltd. 

Mr. H. O. Short—Fellow of the Society, Honorary Life President of Short 
Brothers. 


ANGLO-AMERICAN AERONAUTICAL CONFERENCE 1949 

Arrangements are now being made by the Institute of the Aeronautical Sciences 
and the Society for the Anglo-American Aeronautical Conference which will be 
held in America in the late spring of 1949. Full details of the programme and 
arrangements will be published as soon as possible. Members who propose to 
attend should inform the Secretary. 


ANNUAL GENERAL MEETING 

The Annual General Meeting of the Society was held at 4 Hamilton Place, W.1, on 
the 7th May, at which the Annual Report and Balance Sheets of Aerial Science Ltd. 
and Aeronautical Trusts Ltd. for 1947 were approved. The Complete Report and 
Balance Sheets are published in the June Journal. 
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NOTICES 


For the information of members not receiving the Journal the total membership 
of the Society at 31st December 1947 was 6,812 and the excess of income over 
expenditure for 1947 was £1,045 8s. 3d. 


ELECTION OF COUNCIL MEMBERS FOR 1948-50 
As a result of the ballot declared at the Annual General Meeting the following 
were elected to Council for 1948-50 :— 
E. J. N. Archbold, Esq., B.Sc., A.F.R.Ae.S. 
Lord Brabazon of Tara, M.C., F.R.Ae.S. 
A. V. Cleaver, Esq., A.R.Ae.S. 
Dr. G. P. Douglas, O.B.E., M.C., F.R.Ae.S. 
A. G. Elliott, Esq., C.B.E., M.S.A.E., F.R.Ae.S. 
J. W. F. Housego, Esq., Grad.R.Ae.S. 
W. Tye, Eeq., B.Sc., F.R.Ae.S. 
The Council for the year 1948-1949 is therefore : — 
President—H. Roxbee Cox, Esq., Ph.D., B.Sc., D.I.C., F.I.Ae.S., F.R.Ae.S, 
Past-Presidents—Sir Frederick Handley Page, C.B.E., F.R.Ae.S. 
Sir A. H. Roy Fedden, M.B.E., D.Sc., M.I.Mech.E., M.S.A.E., F.R.Ae.S. 
Vice-Presidents—Sir John S. Buchanan, C.B.E., A.M.I.Mech.E., F.R.Ae.S. 
W. G. A. Perring, Esq., F.R.Ae.S. 
N. E. Rowe, Esq., C.B.E., B.Sc., D.I.C. F.R.Ae.S. 
Council Members 
Professor L. Aitchison, D.Met., B.Sc., F.R.I.C., F.R.Ae.S. 
E. J. N. Archbold, Esq., B.Sc., A.F.R.Ae.S. 
Lord Brabazon of Tara, M.C., F.R.Ae.S. 
Major G. P. Bulman, C.B.E., B.Sc., F.R.Ae.S. 
S. Camm, Esq., C.B.E., F.R.Ae.S. 
A. V. Cleaver, Esq., A.R.Ae.S. 
Dr. G. P. Douglas, O.B.E., M.C., F.R.Ae.S. 
A. G. Elliott, Esq., C.B.E., M.S.A.E., F.R.Ae.S. 
W. S. Farren, Esq., C.B.E., F.R.S., F.R.Ae.S. 
Professor A. A. Hall, M.A., F.R.Ae.S. 
S. Scott Hall, Esq., A.C.G.I., M.Sc., D.I.C., F.R.AeS. 
J. W. F. Housego, Esq., Grad.R.Ae.S. 
E. T. Jones, Esq., O.B.E., M.Eng., F.R.Ae.S. 
Sir Ben Lockspeiser, M.A., F.C.S., F.R.Ae.S. 
P. G. Masefield, Esq., M.A., F.R.Ae.S. 
W. Tye, Esq., B.Sc., F.R.Ae.S. 
Captain C. F. Uwins, A.F.C., O.B.E., F.R.Ae.S. 
Dr. H. C. Watts, M.B.E., M.Inst.C.E., F.R.Ae.S. 
Honorary Librarian—J. FE. Hodgson, Esq., Hon.F.R.Ae.S. 
Honorary Treasurer—Captain C. F. Uwins, A.F.C., O.B.E., F.R.Ae.S. 
Solicitor—L. A. Wingfield, Esq., M.C., D.F.C., A.R.Ae.S. 
Secretary—Captain J. Laurence Pritchard, F.I.Ae.S., Hon. F.R.Ae.S. 


GRADUATES’ AND STUDENTS’ SECTION 

The following committee was elected at the Section’s Annual General Meeting on 

the 21st April 1948: — 

Chairman—]. W. F. Housego, Esq., Graduate. 

Vice-Chairman—J. G. Roxburgh, Esq., Graduate. 

Committee—M. K. Bowden, Esq., Student: P. F. N. Edwards, Esq., Student; 
R. G. Evans, Esq., Student; P. T. Fink, Esq., Graduate; G. B. Griffiths, Esq., 
Graduate; A. N. McDonald, Esq., Student; T. H. Marsden-Jones, Esq., Student; 
J. R. Miller, Esq., Graduate. 

Hon. Secretary—M,. C. Campion, Esq., Graduate, 6a Mildenhall Road, Clapton, 
London, E.5. 

Assistant Hon. Secretary—D. A. Thurgood, Esq., Student, 81 Bourne Avenue, 
Hayes, Middlesex. 
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NOTECES 


HONOURS 


Air Commodore F. R. Banks, C.B., O.B.E., F.R.Ae.S., who gave the first 
Louis Bleriot lecture to the Association Francaise des Ingenieurs et Techniciens de 
l’Aéronautique on 12th May 1948, has been appointed a Commandeur of the Legion 
d’Honneur by the French Government for services rendered to France in connection 
with the development of aero-engines of all types. The presentation was made by 
the French Minister for Air at the banquet given by A.F.I.T.A. following the first 
Louis Bleriot lecture. 


SOCIETY OF BRITISH AIRCRAFT CONSTRUCTORS’ SCHOLARSHIPS 


The attention of members is drawn to the Society of British Aircraft Constructors’ 
Scholarships administered by the Society. 

The Scholarships are designed for the assistance of young men who are unable, 
for financial reasons, to obtain training in aeronautical engineering. All holders of 
S.B.A.C. Scholarships are expected to qualify for a technical grade in the Royal 
Aeronautical Society. 

Applicants should be between the ages of 16 and 18 on the 1st September in the 
year of the award. The closing date for scholarship applications for this year is 
30th June 1948. Application forms may be obtained from the Secretary. 


NORTHERN HEIGHTS MODEL FLYING CLUB 

The Northern Heights Model Flying Club will hold a gala day at Langley Aero- 
drome, Slough, on Sunday, 20th June 1948, through the courtesy of the Directors 
of Hawker Aircraft. In addition to the many well established trophies, competitions 
for the Queen’s Cup and the Helicopter Trophy will be held for the first time. 

Members of the Society will be welcomed. 

Details of contests and particulars of routes to the aerodrome may be obtained 
from the Hon. Secretary, Northern Heights Model Flying Club, H. R. Turner, 
61 Avenell Road, Highbury, London, N.5. 


BRANCH NOTICES AND LECTURE PROGRAMMES 
BIRMINGHAM BRANCH 
Friday, 11th June 1948—Annual General Meeting followed by members’ concert. 


At the White Horse Hotel, Congreve Street, Birmingham, at 7.30 p.m. The 
members’ concert, to which friends will be welcomed, will start at 8.45 p.m. 


BROUGH BRANCH 

The Brough Branch of the Royal Aeronautical Society will be arranging a full 
programme of activities from the Summer of this year. All members in the vicinity 
who are interested in joining this Branch are advised to get in touch with the 
Honorary Secretary, Mr. F. D. Frankland, Blackburn Aircraft Ltd., Brough, who 
will send to them full details. 


GLASGOW BRANCH 
Tuesday, 8th June 1948—Visit to The Glasgow Herald Office. 
Saturday, 3rd July 1948—Visit to The Blackburn Aircraft Ltd., Clyde Factory, 
Dumbarton. 
Thursday, 26th August 1948—‘‘ Lecturettes.’’ At The Grand Hotel, Charing 
Cross, Glasgow. 
Tuesday, 28th September 1948—A Film Evening, at 7.30 p.m., at Prestwick 
Airport. 
Thursday, 28th October 1948—Lecture by a Branch Member, at 7.30 p.m., at 
The Grand Hotel, Charing Cross, Glasgow. 
Tuesday, 30th November 1948—“‘ Lecturettes,’’ at 7.30 p.m., at Prestwick 
Airport. 
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Thursday, 23rd December 1948--ANNUAL GENERAL MEETING, at The 
Grand Hotel, Charing Cross, Glasgow. 
Members are requested to notify the Secretary at least one week before any of 
the visits, if they intend to be present. 
Visits are confined to members only, but visitors are welcomed at all Lectures, 
Lecturettes and Film Shows. 


HATFIELD BRANCH 


Wednesday, 16th June 1948—The Development of the Brabazon I, by G. P. 
Hepden, B.Sc.,. A.C.G.1., D.LC. 

At 6.15 p.m. in the de Havilland Senior Staff Mess. 

Wednesday, 14th July 1948—Selection of Aeronautical Films. 

At 6.15 p.m. in the Lecture Theatre of the de Havilland Servicing School. 

Wednesday, 13th October 1948—Aircraft Photography, by John Yoxall. 

At 6.15 p.m. in the de Havilland Senior Staff Mess. 

Wednesday, 17th November 1948—Design Problems of Large Flying Boats, by 
H. Knowler, F.R.Ae.S. 

At 6.15 p.m. in the de Havilland Senior Staff Mess. 

Wednesday, 12th January 1949—Blind Landing Technique, by J. W. F. 
Mercer, B.Sc., 

At 6.15 p.m. in the de Havilland Senior Staff Mess. 

Wednesday, 16th February 1949—The Probable Role and Influence of Aircraft 
in Future Warfare, by Air Marshal Sir Robert Saundby, K.B.E., C.B., 
BFL, EL. 

At 6.15 p.m. in the de Havilland Senior Staff Mess. 

Wednesday, 16th March 1949—Annual General Meeting. 


PRESTON BRANCH 


D. B. Smith, Esq., A.F.R.Ae.S., has been elected Secretary of the Preston 
Branch. His address is: The English Electric Co. Ltd., Aircraft Division, Warton 
Aerodrome, nr. Preston, Lancs. 


GRADUATES’ AND STUDENTS’ SECTION 


Saturday, 10th July 1948—Visit to the works of D. Napier & Son, Ltd. 

Tuesday, 20th July 1948—Visit to the Royal Aircraft Establishment, Farnborough. 

Applications from members wishing to take part in these visits should reach the 
Hon. Secretary, Mr. M. C. Campion, 6a Mildenhall Road, Clapton, E.5, before 1st 
July. The numbers will be strictly limited, and early application is advisable. 


WANTED FOR THE LIBRARY 


The following periodicals are wanted to make up sets for the Library; if members 
have copies to spare, it would be appreciated if they would inform the Librarian. 
Flight, 8th May 1947, No. 2002. 
The Aeroplane, 27th June 1947, No. 1881. 
Aircraft Production, March 1946, Vol. 8, No. 89. 
Aeronautics, May 1946, Vol. 14, No. 4. 
February 1947, Vol. 16, No. 1. . 
March 1947, Vol. 16, No. 2. 
April 1947, Vol. 16, No. 3. 
Proceedings of the American Society of Cwwil Engineers, January 1940, 
Vol. 66, No. 1. 


GOVERNMENT APPOINTMENTS 

Applications are invited for temporary appointments in Ministry of Supply 
Research Establishments, in Scientific Officer and Experimental Officer Grades, 
chiefly at Farnborough (Hants); Leicester; Malvern; Sevenoaks (Kent); Woolwich; 
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Waltham Abbey and Shoeburyness (Essex), The vacancies are in the following fields 
of work :—Aerodynamics: Subsonic and supersonic in wind tunnels and in flight 
(A.160/48); Aircraft Structural Theory, including flutter and vibration, aircraft 
performance testing and assessment, design efficiency of aircraft (C.301/48); Gas 
Turbines, jet and rocket propulsion «t supersonic speeds (C.299/48); Radar, 
particularly centimetre wave techniques, electronics, applications to genera! research 
needs and computing devices, aircraft and weapon testing, aircraft navigation and 
landing (A.161/48); Aircraft Instrumentation and electrical and radio accessories, 
automatic control systems, small servo and other mechanisms, gyroscopes, prevention 
of ice formation, pressure cabins, air photography, optics, fire control (C.300/ 48); 
Mathematical Applications, including ballistics, statistics (A.158/ 48). 

For Scientific Officer grades an Honours degree or equivalent in an appropriate 
subject is required; for Experimental Officer grades a Higher School Certificate or 
equivalent is the minimum qualification. 

Applicants must be of British Nationality. Salaries, varying according to the 
different grades, age, qualifications and experience, are within the following provincial 
ranges: £200-£1,155 (men) and £200-£997 (women). 

Application forms and salary details may be obtained (by postcard, quoting the 
desired field of work and relevant reference number given above) from Technical 
and Scientific Register (K), York House, Kingsway, London, W.C.2. 


JOURNAL BINDING 


Because of increased costs, the prices of binding of Journals will be as follows:— 
1947 Volume 15/-. 
Previous Volumes 17/-. 
Journals should be sent direct to The Lewes Press, Friars Walk, Lewes, Sussex, 
and the remittance to the Secretary at the office of the Society. 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and up to date the Secretary 
will be glad if all members will notify him as soon as possible of changes of address. 
When notifying changes please give the following particulars:— 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to 
be effective for the Journal for the following month. 


NEW MEMBERS 


Fellows 

Ronald Eric Bishop (from Associate), Herbert George Brackley (from Associate 
Fellow), Johannes Martinus Burgers (from Associate Fellow), Wilhelm Challier 
(from Associate Fellow), Charles Chapleo (from Associate Fellow), Newsome Henry 
Clough (from Associate Fellow), Henry Davies (from Associate Fellow), Guy Garrod 
(from Associate), Sidney Barrington Gates (from Associate Fellow), John Joseph 
Green (from Associate Fellow), William Rede Hawthorne (from Associate Fellow), 
David Keith-Lucas (from Associate Fellow), Gustavus McAlpine (from Associate 
Fellow), Donald Campbell MacPhail (from Associate Fellow), Eric Stanley Moult 
(from Associate Fellow), Gordon Neil Patterson (from Associate Fellow), Ronald 
Smelt (from Associate Fellow), Ernest William Still (from Associate Fellow), 
Charles Cyril Turner (from Associate Fellow), Cecil Gordon Vokes (from Associate 
Fellow), Trevor Cresswell Lawrence Westbrook (from Associate Fellow). 
Associate Fellows 

Joseph Thomas Adey, William John Allen, Peter Frederick Ashwood (from 
Graduate), Reginald Bance (ex-Associate), Ronald Oliver Bater (from Graduate), 
Kenneth Bentley (from Student), William Bignold, Sanderson Buchanan (from 
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Graduate), John Carter, Leslie James Chantler, Ralph Alexander Cochrane, Peter 
Draper (from Associate), Richard Streatfeild Easby, William Ronald Farr (from 
Graduate), Ronald George Franklin (from Graduate), George William Gallia (from 
Student), Ivor Dennis Harnden Gibbins (from Graduate), Norman Bryan Goodsell 
(from Graduate), Edward James Gough (from Graduate), Ernest John Hancock 
(from Graduate), Arthur Hillier (from Companion), Frederick Leighton Hodgess, 
John Charles Douglas Howland, Alan Baird Hunter (from Graduate), Denis Keogh 
Kempston (from Associate), Warner Tjardus Koiter, Denis Moore Langford (from 
Associate), Verdon Osbert Levick, Richard Arthur McGill, William Bernard 
Mathison (from Graduate), Robert John Millson (from Associate), Roland Matthew 
Morton (from Graduate), Arthur Frederick William Ollett (from Associate), Richard 
William Robert Osmotherly (from Graduate), Thomas Stuart Parramore (from 
Graduate), Geoffrey Peacock, Robert Henry Peacock (from Associate), Harry 
Pearson, James Pritchett (from Associate), Kenneth David Raithby, John Procter 
Rayner (from Graduate), Douglas Norman Scard (from Associate), Frank Herbert 
Scrimshaw, John Alfred Henry Shepperd, Walter Frederick Shilling (from Graduate), 
Leslie Carl Skinner, Vernon Leonard Smith, Arthur Frederick Toe (from Graduate), 
Arthur William James Upton (from Graduate), Charles Francis Frederick Walsh, 
Frederick Douglas Ward (from Graduate), Hugh Gordon Wenham, Ronald Edward 
James White, William Harry Yoxall. 


Associates 


Stanley Bateman, Wilhelm Beets, Clarence George Wilfred Betts, John Gemmell 
Bogle, Raymond Norman Bournon, Jan Joseph Bukovsky (from Companion), 
Victor Noel Butler, Donald Angus Allan Cameron, Gerard James Chandler, Vernon 
Wilfred Clarkson (from Student), Fletcher Sydney George Codling, Robert Harold 
Doggett, Edouard Raoul Durbec, Laurence Sydney Edwards (from Student), 
Clifford Charles Flynn, Clifford Fox, Joseph Gibson Green, John Fraser Hall, 
Reginald Alexander Herbert, Geoffrey Leonard Howitt, Percy William Lambell, 
Desmond Bernard Law, David Colin Rocliffe Lee, John Clutha McPhee, Edward 
William Merriman, Frank Alfred Bernard Newton, Hubert Leslie Peddle, 
William Solomon Reed, John Spencer Rivaz, Albert Edwin Robinson, 
Kenneth Charles Rogers, Henry Alan Roxburgh, John Hazel Scabrooke, 
Alfred Kenneth Sherwood, Richard Vincent Smith, Frederick William Stockhausen, 
Ralph Thomas Sutton, Charles Herbert C. Swaine, Samuel George Taylor, Percy 
Samuel Victor Vallis, Geoffrey Theodore Van-Weegen, Edward Wilson Whitley (from 
Student), Walter Blackett Wilson, Roland Albert Woodworth. 


Graduates 


John Alexander Anderson (from Student), John Charles Francis Brunswick, James 
Douglas Buchanan, Michael Trevor Corben, David Jeremy Fermo (from Student), 
Georgina Joan Griffith, James Ivor James (from Student), Elizabeth Barbara 
Puttick, John Lewis Reddaway, Octavio Gasper de Souza Ricardo, John Raymond 
Robinson, John Marler Sloper (from Student), Geoffrey Thomas Tollett, Frederick 
George Arthur Williams, Ralph Darkin Williams (from Student), Derek John Wood 
(from Student), David John Wright. 

Students 

Malco!m Derek Chamberlain, Eric Percival Maurice Dorrington, George Edward 
Gadd, Norman Keith Ayliffe Gardner, Donald Edward Hartley, Desmond James, 
Anthony Francis Keech, David John Baron Lethbridge, John William Paulsen, 
John Everard Rayner, Robert Brian Salmon, Dennis Charles Saxton, Malcolm 
Edmund Scott, David Thomas John Stops, Patrick Francis Cranleigh Swash, 
Robert Irvine Taylor, Dennis Meredith Walsh, Harry Nigel Newson Wemyss, 
Robert Owen Willis. 


Companions 


David Trevor Evans (from Student), Peter Frederick McKinney, Douglas Johnston 
Reoch, Richard Henry Reynolds, Herbert Charles Smith, Simon George Warrender. 
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ACKNOWLEDGMENTS 


The Council acknowledge with grateful thanks the following gifts: —A letter from 
Sir Ross Smith to W. Fitch, presented by W. Fitch, Esq.; ‘‘The Cody Flyer’ 
presented by R. H. Bound, Esq., F.R.Ae.S.; Aeronautical Catalogues presented 
by P. J. Duncton, Esq., A.F.R.Ae.S., and back numbers of the Journal from 
F. D. Ward, Esq., Grad.R.Ae.S., and D. Wilde, Esq., A.F.R.Ae.S. 


ADDITIONS TO THE LIBRARY 


Pamphlets in italics with location reference following in brackets. Books marked 
* or ** may not be taken out on loan. 

A.a.348—Frontiers of Flight. G. W. Gray. A. A. Knopf, New York. 1948. 

B.a.383—A Chronicle of the Aviation Industry in America. 1903-1947. Eaton 
Manufacturing Co., Cleveland, Ohio. 1948. 

B.f.103—British Sea Birds. C. A. Gibson Hill. Witherby. 1947. 

E.f.115—Maintenance, repair and alteration of certificated aircraft, aircraft engines, 
propellers and instruments. Civil Aeronautics Manual No. 18 Dept. of 
Commerce, Civil Aeronautics Administration, Washington. 1943. 

I.e.34—Practical five-figure Mathematical Tables. C. Attwood. Macmillan 1948. 

L.d.123—Notices to Airmen. Nos. 125-177 inclusive. 

OO.121—Report of Proceedings of Twenty-Second Conference. 1947. ASLIB. 
1947. 

S.e.143—Calling all Arms. Ernest Fairfax. Hutchinson. 

V.1/28—Transactions of the American Society of Mechanical Engineers. Vol. 69. 
1947. 


A.R.C. Reports and Memoranda 

2231—The method of high-speed mechanical switching applied to multiple 
oscillograph measurements and its adaptation for measurements in flight. 
D. H. Peirson. 

2135—The stressing of large rectangular cut-outs in fuselages—strain-gauge 
analysis of York. W. Kay and F. Mickelthwaite. 

2234—The solution of small displacement, stability or vibration problems con- 
cerning a flat rectangular panel when the edges are either clamped or simply 
supported. H. G. Hopkins. 

2267—Visualisation of boundary layer flow. J. H. Preston, 

2186—The rolling power of an elastic wing. Part I. Compressibility effects absent. 
Part II. Compvressibility effects and results for supersonic speeds. E. G. 
Broadbent and A. R. Collar. 

2196—Subsonic and supersonic tests on a 74 per cent. bi-convex aerofoil. W. F. 
Hilton. 

2240—A circuit for compensating hot wires used in the measurement of turbulence. 
R. W. F. Gould. 

2182—On fundamental sets of solutions of the equations of lateral motion and the 
vapid calculation of general solutions. K. Mitchell. 

2226—Vibration problems in gas turbines, centrifugal and axial flow compressors. 
J. F. Shannon. 

2058—An experimental analysis of the forces on eighteen aerofotls at high speed. 
W. F. Hilton. 

2237—The aerodynamics of porous sheets. G.I. Taylor and R. M. Davies. 

2215—Methods of calculating derivatives for rectangular wings. W. P. Jones and 
S. W. Skan. 

2223The effect of end construction on thin-walled cylinders subject to torque. 
M. Fine and D. Williams. 

2238—The distribution of the roots of a complex polynomial equation. J]. Williams. 

2239—Variation of profile drag with incidence. H. B. Squire. 

2209—Tests on NACA 0012 with various trailing edges at high speeds. R. F. 
Sargent. 
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2212—The variation of power with height of the Merlin XX engine as determined 
by flight tests on a Hurricane II, G.S, Hislop and R. H. Weir. 

2190—The behaviour of a cylindrical shell under axial compression when the 
buckling load has been exceeded. D.M. A. Leggett and R. P. N. Jones. 

2213—The variation of power with height of a Merlin 46 engine as determined by 
flight tests on a Spitfire Vc. G.S. Hislop. 

2090-—Two-dimensional aerofoils and ducts with uniform velocity distribution. 
G. Temple and J]. Yarwood. 

2210—Theoretical hinge moments for control surfaces in the tatl-to-wind case. 
A. R. Collar. 


N.A.C.A. Technical Notes 


1139—Flight tests of an all-movable horizontal tail with general unbalancing tabs 
on the Curtiss XP-42 airplane. H. F. Kleckner. 

1172—Comparative tests on extruded 14S-T and extruded 24S-T hat-shape 
stiffener sections. Marshall Holt and G. W. Feil. 

1176—Siresses around rectangular cut-outs with reinforced coaming stringers. 
P. Kuhn, Norman Rafel and C. E. Griffith. 

1177—Effect of rivet or bolt holes on the ultimate strength developed by 24S-T 
and alclad 25S-T sheet in incomplete diagonal tension. L. Ross Levin and 
D. H. Nelson. 

1193—Effect of product of inertia on lateral stability. L. Sternfield. 

1199—Charts for pressure rise obtainable with airfoil-type axtal-flow cooling fans. 
A. Kahane. 

1143—Charts for determining the characteristics of sharp-nose airfoils in two- 
dimensional flow at supersonic speeds. H. R. lvey, G. W. Stickle and A. 
Schuettler. 

1175—Lifting-surface-theory aspect-ratio corrections to the lift and hinge-moment 
parameters for full-span elevators on horizontal tail surfaces. R. S. Swanson 
and S. M. Crandall. 

1465—The rupture-tes: characteristics of heat-resistant sheet alloys at 1,700 degrees 
and 1,800 degrees. F. J]. W. Freeman, E. Reynolds and A. E. White. 

1527—On similarity rules for transonic flows. Carl Kaplan. 

960—Force and moment coefficients for a thin acrofoil with flap and tab in a form 
useful for stability and control calculations. R. J]. White and D. G. Klampe. 

959—Axtal fatigue tests of 10 airplane wing-beam specimens by the resonance 
method. W. G. Brueggeman, P. Krupen and F. C. Roop. 

958—Fairing compositions for aircraft surfaces. P. S. Turner, J. Doran and 
F. W. Reinhardt. 

957—The strength of semi-elliptical cylinders subjected to combined loadings. 
E. E. Sechler and L. J]. Frederick. 

956—Bibliography of piston ring lubrication. M. D. Hersey. 

955—Axial fatigue tests of zero mean stress of 24S-T aluminium-alloy sheet with 
and without a circular hole. W.C. Brueggeman, M. Mayer and W. M. Smith. 

954—Performances tests of wire strain gages. [I—Calibration factors in tension. 
W. R. Campbell. 

953—Torsion tests to failure of a monocoque box. A. E. McPherson, D. Golden- 
burg and G. Zibritosky. ; 

952—A unit laboratory engine oil system providing for a remote indication of oil 
flow and oil consumption together with blow-by measurement. W. K. Koffel 
and A. E. Biermann. 

951—Tests of thin-walled celluloid cylinders to determine the interaction curves 
under combined bending, torsion, and compression or tension loads. E. E. 
Bruhn. 

790—Cyclic stress-strain studics of metals in torsion. D. A. Paul and R. L. Moore. 

789—Extension of pack method for compressive tests. S.C. Aitchison. 

788—Drag determination of the forward component of a tricycle landing gear. 
H. N. Harmon. 


| 

H 

8 
= 4 


NOTICES 


787—Factors affecting heat transfer in the internal-combustion engine. P.M. Ku. 

786—Siructural tests of a stainless steel wing panel by hydrostatic loading. 
R. H. Upson. 

785—Wind-tunnel investigation of fuselage stability in yaw with various arrange- 
ments of fins. H. Page Hoaggard, Jr. 

784—Stress distribution in the equivalent width of flanges of wide thin wall steel 
beams. George Winter. 

78% 
Jones. 

782—Wind-tunnel tests of an NACA 23021 airfoil equipped with a slotted extensible 
and a plain extensible flap. T. A. Harris and R. S. Swanson. 

781—Mathematical analysis of aircraft intercooler design. U. Joyner. 

860—The critical compression load for a universal testing machine when the 
specimen is loaded through knife edge. E. E, Lundquist and E. B, Schwartz. 

859—On the distribution of stress in a thin plate elastically supported along two 
edges at loads beyond the stability limit. L. G. Dunn, 

858—A comparison of the results from general tank tests of 1/6- and 1/12-full-size 
models of the British Singapore 110 fiying boat. S. Truscott and J. R. Dawson. 

857—Improvement of fatigue life of an aluminium alloy by overstressing. G. W. 
Stickley. 

856—Effect of rivet and spot-weld spacing on the strength of axially loaded 
sheet-stringer panels of 24S-T aluminium alloy. S. Levy, A. E. McPherson 
and W. Ramberg. 

855—A method for determining the camber and twist of a surface to support a 
given distribution of lift. Doris Cohen. 

854—Design of tools for press-countersinking or simpling 0.040-inch thick 24S-T 
sheet. R.L. Templin and J]. W. Fogwell. 

853—Bending with large deflection of a clamped rectangular plate with length- 
width ratio of 1.5 under normal pressure. S. Levy and S. Greenman, 

852—Effects of range of stress and of special notches on fatigue properties of 
aluminium alloys suitable for airplane propellers. T. J]. Dolan. 

851—Strength tests of thin-walled elliptic duralumin cylinders in pure bending and 
in combined pure bending and torsion. E. E. Lundquist and E. Z. Stowell. 

800—Tests on stiffened circular cylinders. Marshall Holt. 

799—The effects of aerodynamic heating on ice formations on airplane propellers. 
L. A. Rodart. 

798—Compbression tests of some 17S-T aluminium-alloy specimens of I cross 
section. H. N. Hill. 

797—The end-plate effect of a horizontal-tail surface on a vertical tail surface. 
S. Katzoff and W. Mutterperl. 

796—Determination of control-surface characteristics from NACA plain-flap and 
tab data. M. B. Ames, Jr. and R. I. Sears. 

795—Effect of several supercharger control methods on engine performance. 
E. W. Wasielewski and J. A. King. 

794—Two-stage supercharging. R.S. Buck. 

The compressive yield strength of extruded shapes of 24S-T aluminium-alloy. 
R. L. Templin, F. M. Howell and E. C. Hartmann, 

792—E ffect of alternately high and low repeated stresses upon the fatigue strength 
of 25S-T aluminium alloy. G. W. Stickley. 

791—Shear lag in corrugated sheets used for the chord member of a box beam. 
J. S. Newell and E. Reissner. 

920—Bearing strengths of bare and alclad XA75S-T and 24S-T81 aluminium alloy 
sheet. R.L. Moore and S. Wescoat. 

919—Part-throttle operation and control of a piston-ported two-stroke cylinder. 
A. R. Rogowski and C. F. Taylor. 

918—The stability of isotropic or orthotropic cylinders or flat or curved panels, 
between and across stiffeners, with any edge conditions between hinged and 
fixed, under any combinations of compression and shear. L. H. Domnell. 
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NOTICES 


917—The effect of surface finish on the fatigue performance of certain propeller 
materials. H.W. Russell, H. W. Gillet, L. R. Jackson and G. M. Foley. 

916—The effect of the type of specimens on the shear strengths of driven rivets. 
W. H. Sharp. 

915—The effect of inlet-valve design, size and lift on the air capacity and output 
of a four-stroke engine. J. C. Livengood and J. D. Stanitz. 

914—Certain mechanical strength properties of aluminium alloys 25S-T and 
76S-T. T. J. Dolan. 

913—Tensile and compressive tests of magnesium alloy J-I sheet. S.C. Attchison 
and J. A. Miller. 

912—A subpress for compressive tests. S.C, Attchison and J]. A. Miller. 

911—Some investigations of the general instability of stiffened metal cylinders. 
VII—Stiffened metal cylinders subjected to combined bending and torsion. 
Guggenheim Aeronautical Laboratory. 

830—Damping characteristics of dashpots. J. B. Petersohn. 

829—Velocity gained and altitude lost in recoveries from inclined flight paths. 
H. A. Pearson and J. B. Garvin. 

828—Methods of analysing wind-tunnel data for dynamic flight conditions. C. J. 
Donlan and I. G. Recant. 

827—Analytical determination of control system pulley-axle angles. I. H. Driggs. 

826—Variation of properties throughout cross-section of two extruded shapes. 
F. M. Rowell. 

825—Wind-tunnel investigation of effect of yaw on lateral-stability characteristics. 
I1I—Symmetrically tapered wing at various positions on circular fuselage with 
and without a vertical tail. I. G. Recant and A. R. Wallace. 

824—-Combined beam columns stresses of aluminium-alloy channel sections. 
J. O. Hutton. 

823—Plate method of ground representation for wind-tunnel determination of 
elevator effectiveness in landing. I. G. Recant. 

822—Tandem air propellers—II. E. P. Lesley. 

821—Some comparative tests of plain and alclad 24S-T sheet. R. L. Moore. 

820—The aerodynamics of a wind-tunnel fan. B.W. Corson, Jr. 

819—Comparison of stress-strain curves obtained by single-thickness and pack 
methods. D. A. Paul, F. M. Howell and H. E. Greishaber. 

818—The tensile elastic properties at low temperature of 18:8 Cr-Ni steel as 
affected by heat treatment and slight plastic deformation. R. W. Mebs and 
D. J. McAdam, Jr. 

817—Correction of the lifting-line theory for the effect of the chord. R.T. Jones. 

816—Cooling and performance tests of a Continental A-75 engine. H. H. 
Ellerbrock, Jr., and R. O. Bullock. 

815—Comparison of vee-type and conventional tail surfaces in combination with 
fuselage and wing in the variable-density tunnel. H. Greenburg. 

1511—Flight measurements of the lateral and directional stability and control 
characteristics of an airplane having a 35 degree sweptback wing with 40 per 
cent. span slots and a comparison with wind-tunnel data. S. A. Sjorberg and 
J. P. Reeder. 

1489—Dislocation theory of the fatigue of metals. S. E. Machlin. 

1456—Performance tests of wire strain gauges. VI—Effect of temperature on 
calibration factor and gauge resistance. W. R. Campbell. 

1524—Take-off performance of light twin-float seaplanes. J. B. Parkinson. 

1444—Development of cast aluminium alloys for elevated-temperature service. 
W. Hodge, L. W. Eastwood, C. H. Lorig and H. C. Cross. 

1419—Charts for the analysis of one-dimensional steady compressible flow. 
L. R. Turner, A. N. Addis and R. H. Zimmerman. 

1518—Structural evaluation of an extruded magnestum-alloy T-stiffened panel. 
Norris F. Dow and W. A. Hickmann. 

1501—On the interpretation of combined torsion and tension tests of thin-wall 
tubes. W. Prager. 


NOTECES 


1516—A generalised theoretical and experimental investigation of the motions and 
hydrocynamic loads experienced by V-bottom seaplanes during step-landing 
impacts. B. Milwitzky. 

1510—The influence of very heavy fuselage mass loadings and long nose lengths 
upon oscillations in the spin. R. W. Stone and W. Kliner. 

1435—Siresses in and general instability of monocoque cylinders with cut-outs. 
V—Calculation of the stresses in cylinders with side cut-out. N. J. Hoff and 
B. Klein, 

1522—Calculation of uncoupled modes and frequencies in bending or torsion of 
non-uniform beams. J.C. Houbolt and R. A, Anderson, 

1264—Sitresses tn and general instability of monocoque cylinders with cut-outs. 
IV—Pure bending tests of cylinders with side cut-out. N. J. Hoff, B. A. 
Foley and L. R. Viggiano. 

1496—Investigation of the fuselage interference on a pitot-static tube extending 
forward from the nose of the fuselage. W. Letko. 

1500—Comparison of computed performance of composite power plants using 
18-cylinder aircraft engines with 62 degrees and 40 degrees valve overlap. 
S. J. Kaufmann and D. S. Boman. 

1495—Analysis, verification, and application of equations and procedures for 
design of exhaust pipe shrouds. H. H. Ellerbrock, C. R. Wcislo and H. E. 
Dexter. 

1401—Introduction to the problem of rocket-powered aircraft performance. 
H. R. Ivey, E. N. Bowen and L. F. Oborney. 

1357—E ffect of combustor-inlet conditions on performance of an annular turbojet 
combustor. J. H. Childs, R. J. McCafferty and O. Surine. 

880—Methods of measurement of high air velocities by the hot-wire method. 
J. R. Weske. 

879—Torsional strength of aluminium-alloy round tubing. R. L. Moore. 

878—Effect of fillers and of mixing procedure on the strength of plastic materials. 
W. Kynoch and L. A. Patronsky. 

877—An exploration ‘of the longitudinal tension and compressive properties 
throughout an extruded shape of 24S-T aluminium-alloy. D. A. Paul. 

876—The limiting useful deflections of corrugated metal diaphragms. W. A 
Wildhack and V. H. Goerke. 

875—A rosette strain computer. W. B. Klemperer. 

874—Curing of resin-wood combinations by nigh frequency heating. A, R. von 
Hippel and A. G. H. Dietz. 

873—Bending tests of a monocoque box. A. E. McPherson, W. Ramberg and 
S. Levy. 

872—Torsion tests of a monocoque box. S. Levy, A. E. McPherson and Walter 
Ramberg. 

871—Stability of elastically supported columns. A. S. Niles and S. Viscovich. 

780—Measured moments of inertia of 32 airplanes. W. Gracey. 

779—Aerodynamic heating and the deflection of drops by an obstacle in an air 
stream in relation to aircraft icing. A. Kantrowitz. 

778—Notes on the stalling of vertical tail surfaces and on fin design. F. L. 
Thompson and R. R. Filruth. 

777—Internal-flow systems for aircraft. F. M. Rogallo. 

776—The aileron as an aid to recovery from the spin. A. I. Neihouse. 

775—Analysis of wind-tunnel data on directional stability and control. H.R. Pass. 

774—onisation in the knock zone of an internal-combustion engine. C. E. 
Hastings. 

773—Chart for critical compressive stress of flat rectangular plates. H. N. Hill. 

772—Analysis of cylinder-pressure-indicator diagrams showing effects of mixture 
strength and spark timing, H.C. Gerrish and F. Voss. 

771—Transient effects of the wing wake on the horizontal tail. R. T. Jones and 
L. F. Fehlner. 
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NOTICES 


910—Some investigations of the general instability of stiffened metal cylinders. 
VI—Stiffened metal cylinders subjected to combined bending and transverse 
shear. Guggenheim Aeronautical Laboratory. 

909—Some investigation of the general instability of stiffened metal cylinders. 
V—Stiffened metal cylinders subjected to pure bending. Guggenheim Aero- 
nautical Laboratory. 

908—Some investigations of the general instability of stiffened metal cylinders. 
IV—Continuation of tests of sheet-covered specimens and studies of the 
buckling phenomena of unstiffened circular cylinders. Guggenheim Aero- 
nautical Laboratory. 

907—Some investigations of the general instability of stiffened metal cylinders. 
I1I—Continuation of tests of wire-braced specimens and preliminary tests of 
sheet-covered specimens. Guggenheim Aeronautical Laboratory. 

906—Some investigations of the general instability of stiffened metal cylinders. 
II1—Preliminary tests of wire-braced specimens and theoretical studies. 
Guggenheim Aeronautical Laboratory. 

905—Some investigations of the general instability of stiffened metal cylinders. 
I—Review of theory and bibliography. Guggenheim Aeronautical Laboratory. 

904—The strength of thin-walled cylinders of D cross-section in combined pure 
bending and torsion, A. W. Sherwood. 

903—A method for determining the column curve from tests of columns with equal 
restraints against rotation on the ends. E. E. Lundquist, C. A. Rossman and 
J. C. Houbolt. 

902—Description of stress strain curves by three parameters. W. Ramberg and 
W. H. Osgood. 

901—Bearing strengths of some wrought-aluminium alloys. R. L. Moore and 
C. Wescoat. 

950—Numerical procedures for the calculation of the stresses in monocoques. 

II1—Diffusion of tensile stringer loads in reinforced flat panels with cut-outs. 

N. J. Hoff and J. Kempner. 


J. LAURENCE PRITCHARD, 
Secretary. 


Made and Printed in Great Britain by the Lewes Press. Lewes, Sussex. 
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The Royal Aeronautical Society 


ACTIVITIES OF THE 
GRADUATES’ AND STUDENTS’ SECTION 


June 1948 


THE ANNUAL GENERAL MEETING 


The Twelfth Annual General Meeting of the Section was held at the Society 
on Wednesday, 21st April 1948 at 7.30 p.m. 


Mr. J. W. F. Housego took the Chair, and called on the Secretary to read the 
Minutes of the previous Annual General Meeting, which were then confirmed. The 
Eleventh Annual Report of the Section’s activities was read and adopted (this will 
appear with the Society’s Report). The committee for the ensuing session was 


» elected, and the following items of other business were discussed: 


(a) A motion to hold lectures at 7.0 p.m., instead of 7.30 p.m. was defeated. 
(b) A motion to hold the election of the Section Committee by postal ballot 
was also defeated. 


(c) A number of suggestions for lectures and visits were made. It was agreed 
that the allocation of one meeting to hearing a number of short papers by members 
of the Section would be welcomed, and it was felt that such papers might be sub- 
mitted for the Pilcher, Usborne and Alston Memorial Prizes. 


(d) As the cost of either a dance or a dinner would be considerable, it was 
agreed that the possibility of holding an informal reception should be investigated. 


A vote of thanks to Captain Pritchard, and to the staff of the Society, and 


. another to the retiring Chairman and Secretary of the Section were carried 


unanimously. 
The Meeting, which was attended by 38 members, ended at 9.30 p.m. 


COMMITTEE 
The following Committee was elected for the session 1948-49 : — 

Chairman: Mr. J. W. F. Housego, Graduate; Handley Page Ltd. 

Vice-Chairman: Mr. J. G. Roxburgh, Graduate; Handley Page Ltd. 

Hon. Secretary: Mr. M. C. Campion, Graduate; Vickers-Armstrongs Ltd. 
6a Mildenhall Road, Clapton, E.5. 

Asst. Hon. Secretary: Mr. D. A. Thurgood, Student; Vickers-Armstrongs Ltd. 
81 Bourne Avenue, Hayes, Middlesex. 

Committee: Messrs. M. K. Bowden, Student, Northampton Engineering College; 
P. F. N. Edwards, Student, Olley Air Services; R. G. Evans, Student, Vickers- 
Armstrongs Ltd.; P. T. Fink, Graduate, Imperial College; G. B. Griffiths, 
Graduate, Handley Page Ltd.; A. N. C. McDonald, Student, Queen Mary 


College; T. H. Marsden-Jones, Student, General Aircraft Ltd.; J. R. Miller, 
Graduate, Hawker Aircraft Ltd. 


LECTURE 


Mr. W. Tye, F.R.Ae.S., Chief Technical Officer, Air Registration Board, read 
a paper on “The Influence of Recent Civil Airworthiness Requirements on Aircraft 
Design” on Wednesday, 14th April. Mr. J. W. F. Housego was in the Chair. 


As this paper will be printed in the JouRNAL in the near future, only a brief 
summary is given here. 
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Mr. Tye explained that the purpose of the A.R.B. Design Requirements was 
to guide the designer in his attempts to maintain and improve the safety of aircraft, 
and that, therefore, they must not be allowed to retard the development of new 
designs. Reference to accident statistics of aircraft designed before the war showed 
that the main weaknesses were power-plant failure and landing-gear strength and 
reliability, faults which were partly alleviated by modern requirements. 


Although few accidents are due to lack of airworthiness, there are still two 
main avenues of approach to the design of aircraft which will be less liable to 
fatal accidents, namely by efforts to reduce the possibilities of “Pilot’s Errors,” and by 
attempting to give greater protection to the occupants if a crash should occur. 


The increased weight and wing loading of modern aircraft have led to increased 
take-off distances, which can be reduced by more attention to flap design. 
Experience of flight and landing records have resulted in considerable modifications 
to the strength requirements, but with increasing cruising speeds, the effects of gusts 
are becoming severe and should lead to the development of efficient “gust alleviators.” 

“Crashworthiness” requirements, leading to the design of improved safety belts 
and fire-proofing systems have been introduced with good results, but much remains . 
to be done in the field of emergency-exit and seat design. . 

Accident rates, both in America and in Great Britain, show a marked decrease 
from 1926 to 1940, but have altered little since then, and the British rate has been 
consistently four times greater than the American on scheduled air services. 


OTHER EVENTS 

Mr. P. G. Masefield, F.R.Ae.S., Director-General of Long Term Planning and 
Projects, Ministry of Civil Aviation, read a paper on “The Light Aeroplane and the 
Future of Private Flying” on Tuesday, 11th May 1948. A report of this will be 
given at a later date. 

It is hoped to arrange several visits to places of interest during the summer 
months. Details will be announced later. ‘ 


4 
| 
H 
| 
i 


aa a 


New WESTON Cireular 
Seale Indicators 


These new Weston circular scale indicators are of the ratiometer type 
and are designed for use with resistance bulbs for the measurement 
of aircraft engine, oil, air and radiator temperatures. The indicators 
are designed for all standard aircraft voltages, a feature of the indica- 
tions being that their accuracy is unaffected by any normal variations 
in the supply voltage. The scale angle is 270° and the scale length 
is approximately 33 inches. The indicators are shielded against 
external magnetic fields and compass interference. They are available 
for various temperature ranges, the Model S63 being designed for 
D.C. supplies and the Model $94 for A.C. supplies of frequencies from 
250 c/s and 400 c/s. The indicators comply with A.M. Spec. R.G. 794. 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD. ENFIELD. MIDDLESEX 
Telephone: Enfield 3434 & 1242 
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PRECISION CASTING 


An American Authority recently stated: 


‘Precision investment casting is a comparatively 
undeveloped industrial art, but it has reached 
the stage where it is reducing costs and improv- 
ing qualities on tens of thousands of products. It 
is capable of accuracies roughly approximate to 
those of grinding. It can handle practically any 
metal that can be cast at all. The process makes 
its most valuable contributions by producing 
intricacies in parts, and by handling with ease 
metals that are difficult or even impossible to 


fabricate economically by other methods.’ 


MATERIALS AND METHODS, March 1946 


If that extract interests you, we welcome an opportunity 
to supply some details of the part played by 


Ethyl Silicate in precision casting 


ALBRIGHT & WILSON 
@) ETHYL SILICATE 


R/es 


Albright & Wilson Ltd., 49 Park Lane, W.1 = Tel: Gro 1311 
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Constant research into the design of aircraft pro- 

pellers enables Rotel to include in their advanced 

projects characteristics which will become essential 
features of the modern aircrait propeller. 


* IMPROVED AEROFOIL SECTIONS  ° DEPENDABLE PITCH REVERSAL 
*R.P.M. SYNCHRONISATION REDUCTION IN WEIGHT 

° SEALED SPINNERS * SIMPLIFIED MAINTENANCE 
FLUID OR ELECTRIC DE-ICING DUCTED SPINNERS 


* LOW NOISE LEVEL * INCREASED OPERATING 
HOURS BETWEEN OVERHAULS 
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— the right approach 


to every aeronautical problem... read... 


One shilling weekly. 
Annual rate ; £3 1s. post free. : 
/ 
NOW ON SALE 
WHO'S WHO BRITISH AVIATION 
1948 Edition. An established year book of T E M P L E P R kK S S L | M | T I D 
aviation throughout the British Empire, providing A 4 
a complete guide to Air Forces, Ministries, BOWLING GREENL CANE. LONDON aIERMINUS Sere 
Organisations, Air Lines, Industries, Flying 
Clubs and Airfields, together with a Biographical 
Section containing over 1,250 entries. Associated Aeronautical Publications: TRANSPORT 
ie Price 7s. 6d. (7s. 10d. post free). \ 
ANY AIRPORT ENGINEERING THE AEROPLANE SPOTTER 
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43 PLACES & 3 BADEN POWELL 


MEMORIAL PRIZES CAINED IN R.Ac.S. EXAMINATIONS 


by home-study students of The T.I.G.B. 
furnish satisfactory proof that The T.1.G.B. 
courses are an authoritative means of equip- 
ping men in the aeronautics industry with 
technological knowledge. 


You can start any time on a T.1.G.B. pro- 
fessional course for the A.F.R.Ae.S., A.M.1. 
§, Mech.E., A.M.I.E.E., or other institutional 
, | examination in which you are interested; but 
if the best time is NOW, because Government 
and industry both require recognised techno- 

logical attainment to be in the possession of 
those who aspire to higher posts. Write to- 
day to The T.1.G.B. for ‘‘ The Engineer’s 
Guide to Success,’’ giving particulars of your 
technological and qualification requirements. 


The Professional Engineering 
and Aeronautics Tutors 


THE TECHNOLOGICAL INSTITUTE 
OF GREAT BRITAIN 


39 Temple Bar House, London, EC4 


DATA SHEETS 


on 


AERODYNAMICS and 
STRESSED SKIN STRUCTURES 


For Use in Aeronautical Design 
and 
Drawing Offices 


Write for full particulars to: — 
The Secretary 
THE ROYAL AERONAUTICAL SOCIETY 
4 Hamilton Place, London, W.1. Grosvenor 3515 
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VICKERS-ARMSTRONGS 


LETTE ZAWADI ILI 
TUPENDEZE NDEGE 


(Bring presents to please the bird) 


Panic mingled with awe —such was the 
re-action of the Kavirondo natives when 
the first airplane they had ever seen—a 
Vickers Viray —touched down on its way 
to the Cape. The year was - the 
occasion was the first successful flight to 
South Africa. 


Emulating the spirit of Livingstone, 
Col. Von Ryneveld and Capt. Brand 
completed the 8,500 miles from Brooklands 
to Cape Town in 4 days 134 hours of 
flying — an outstanding achievement of the 
time. The project was pushed through in 
the face of incredible risks :—such as the 
absence of prepared landing grounds — no 
precise knowledge of weather conditions 
on the route and total lack of facilities for 
repair and overhaul. The flight ranks high 
in the history of aviation. That a Vickers 
standard machine was chosen for the job 
demonstrates the leadership then enjoyed 
by the firm—a_ leadership consistently 
maintained to this day. 


A.T.27 


| 
Vickers-Armstrongs 
NN Limited Seition | 
mite VICKERS HOUSE, BROADWAY, LONDON, S.W.1 
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Aireraft Engines of 
the World. 1947 


By Paul H. Wilkinson. Contains com- 
plete specifications and photographs 
of one hundred and twenty-five recip- 
rocating engines and twenty-six jet 
engines. A most valuable reference 
work that is in great demand. 50/- net. 


Automobile and 


Aireratt Engines 


By Arthur W. Judge. A new edition 
of this well-known work. Invalu- 
able to engineers and students con- 
cerned with the problems of high- 
speed I.C. engines. 25/- net. 


PITMAN 


AERONAUTICAL 
BOOKS 


Aireratt Electrical 
Engineering 


By F. G. Spreadbury, A.M.Inst.B.E. 
An_ indispensable book for those 
designing, installing, or studying 
electrical equipment in aircraft, from 
an expert who is in the forefront 
of modern development. 30/- net. 


Materials of 
Aireratt Construction 


By F. T. Hill, F.R.Ae.S., M.I.Ae.E. 
A complete general guide for students 
of Aircraft Engineering (especially 
those interested in design), de- 
signers and builders. 20/- net. 


ELECTRONIC 
TESTMETER 


Sole Proprietors and Manufacturers : 
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 
Winder House, Douglas Street, London, $,W.1. 


This figure represents the ratio of measure- 
ment that can be made on the principal 
ranges of this versatile instrument. These 
measurements can be made with the sim- 
plicity of an ordinary multirange Testmeter. 
In addition, the Electronic Testmeter offers 
you the facilities of a laboratory valve volt- 
meter for use on frequencies from D.C. up 


to 200 Mc's. 

D.C. Volts: to 10,000v. Max. input 
Resistance 111.1 

D.C. Current: 0.25 to 1 Amp.—150mvV. drop 


on all ranges. 

A.C. Volts: 0. iv. to 2,500v. R.M.S. up to 1.5 Mc/s. 
With external diode probe O.1lv. to 250v. and 
up to 200 Mc/s. 

A.C. Output Power: 5mW. to 5 watts in 6 differ- 
ent load resistances from 5 to 5,000 ohms. 

Decibels: 10db. to +20db. Zero level 5OmW. 

Capacitance: .OOO]uF to 5OnF. 

Resistance: 0.2 ohms to 1OMQ). 

Insulation: O.1MQ) to 1,000MQ. 


Fully descriptive leaflet available on application 


Phone : Victoria 3404-9 
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Total E.H.P.-1590. Diameter-28 inches. Weight-1095 lbs. 
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He knows where he is with Kelvin Instruments... he knows that a Kelvin pointer, moving across a 
Kelvin dial, will give him accurate information... clearly... quickly... whenever he needs it. Kelvin 
reliability is built on years of accumulated experience and organised research. It is backed by a tradition of 
accuracy inspired by the genius of Lord Kelvin, master of measurement. That is why Kelvin aircraft instruments 


are being specified for high speed aircraft now being built in this country. 


KELVIN AIRCRAFT INSTRUMENTS<. 


PROVEN IN RELIABILITY e AHEAD IN DESIGN 


KELVIN BOTTOMLEY AND BAIRD LIMITED * BASINGSTOKE 
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unrivaled facilities for, and experi ence in, arranging the purchase or sale of new 
and second-hand aircraft, whether a single aeroplane or an entire fleet. Further, 
negovinces the disposal, or part exchange, of used aircraft. For every type of 


the ‘Company's policy of dealing “exclusively with the products of no single 
«| manufacturer, AIRWORK Limi 


ganisation of its kind in the world, AIRWORK 
Limited had already 4 
RVICES OF AIRWORK | 
and Purchase of Aircraft @ Specialised Aerodrome 
Gatwick Airport, Horley, Surrey. Bla Saray: Langley Ayredrome, 
“Loughborough Aerodrome, Dishley, Leics. | 
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SPERRY 


FOR USE 


TH 
4 swiTcH CONTROLS 
UNCAGE WEATHER CONTROL 


This latest development by Sperry is aimed to give 
to owners and operators of medium-sized aircraft 
(up to about 15,000 Ib. all-up-weight) all the advan- 
tages of automatic flight, with a negligible increase 
in all-up-weight. Its low cest is quickly recovered 
in increased operating efficiency. As the system 
is pneumatic-electric and works off the normal 
aircraft services, it calls for no special power 
arrangements. 

All the normal manoeuvres (including automatic 
turns on to pre-selected headings) can be executed 
by using the pitch and roll controls. A ‘“‘ weather 
control’’ is provided to give suitably modified 
response in rough weather. 


@ ACCURATE 
EASY TO INSTALL 


e 
@ LOW ELECTRICAL CONSUMPTION (40 WATTS) 
@ MAINTENANCE NEGLIGIBLE 


DESIGN BACKED BY YEARS OF DEVELOPMENT AND 
MANUFACTURE OF WIDELY-USED SPERRY A3 AND 
A12 GYRO PILOT EQUIPMENT 


Full particulars of the Sperry Pilot Aid for any sbecified aircraft will 
be given on request 
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ele Powered by two 1,690 b.h.p. Hercules engines, the 


“Bristol” New Type 170 Freighter has a cruising speed of 
162 m.p.h. and a range of 1,100 miles with a 4 ton pay load. 
Designed for economy in service and safety in operation this new 
heavy-duty aircraft is meeting the growing needs of commercial 
air transport. Well named “The Merchantman of the Air’ this 
machine is a tribute to the skill and experience of those 
responsible for its production. 


B.I.Callender’s Aircraft Cables for power, radio, lighting 
and H.T. ignition used in the “Bristol”? 170 are also the result 
of technical skill and years of experience supplying aircraft with 
the best possible electric cable equipment. 
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BRITISH 


INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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THE ROYAL AERONAUTICAL SOCIETY 


The 746th Lecture read before the Society—on 12th February 1948 at the Institution of Civil 
Engineers, Great George Street, Chair, the President, Dr. H. Roxbee Cox, 
.I.C., F.R.Ae.S. 


THE AERODYNAMICS OF THE GAS 
TURBINE 


by 
A. R. HOWELL, M.A. 


Mr. Howell took his degree at Gonville and Caius College, Cambridge, with first 
class honours in Mathematics and Mechanical Sciences. He joined the Royal 
Aircraft Establishment in 1938 for gas turbine research under Mr. Constant, and 
has continued this work at Power Jets (R. & D.) and the National Gas Turbine 
Establishment, where at the latter he is head of the Aerodynamics Department. 


SUMMARY. 


AERODYNAMICS is naturally associated 

with the external air flow past aircraft, 
but with the advent of the gas turbine it has 
also become of the greatest importance for 
the internal flow through such engines. The 
efficiency and bulk of the compressor and 
turbine components in gas turbines are 
largely an aerodynamic matter, and their 
design is determined by a knowledge of the 
lift coefficients, drag coefficients, Mach 
numbers, and so on that can be used. The 
same fundamental laws, if they were fully 
known, would apply to both internal and 


1. INTRODUCTION. 


The gas turbine has become a practical 
form of engine because of the achievement 
of good efficiencies with reasonable bulk for 
the compressor and turbine components, the 
obtaining of satisfactory combustion at high 
intensities, and metallurgical advancements 
enabling high enough temperatures to be 
used. Aerodynamics is concerned with the 
first of the previous conditions and it may be 
said that in Great Britain both Dr. A. A. 
Griffith and Air Commodore Frank Whittle 
paid from the start a large amount of atten- 


tion to the aerodynamic side of design. Some 
_ external flows, but there are at present con- of Dr. Griffith’s ideas are dealt with in 
_ siderable differences in practice between the papers’) °) by H. Roxbee Cox and by H. 
data obtained, and the detail methods used, Constant. To mention a few items only, he 
S for the two categories of flow. This lecture  cyovested that blade design should be based 
internal Gy flow past aerofoils as distinct from flow 
cade through passages and gave theories for the 
: OE : former; that vortex conditions should be 
studied and the blades twisted to suit them, 
sti and he showed that 90 per cent. stage 

E., past cascades of the blade elements and then See . 
efficiencies could be obtained for both com- 

AeS. considering where the flow is different in the ak Vestine 

actual compressor or turbine. Centrifugal 
compressors and ducting problems are dealt Air Commodore Whittle’s many contri- 
' with briefly. The subject matter covers the butions to improved aerodynamic design are 
design and characteristics of the components indicated in his paper“) on the early history 
in addition to the more fundamental aspects of the Whittle jet propulsion engine. He 
of the flow; and although the lecture is emphasised the importance of vortex flow for 
AeS. | mainly concerned with internal flow through good turbine efficiency and, through his ideas 
aircraft gas turbines, some comparisons are about where losses occurred in centrifugal 
eS. made with the other applications. compressors, proved that good efficiencies 
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could be obtained at over 4 : | pressure ratio 
with only one stage of compact size. 

From these beginnings in Britain and from 
similar work on the Continent and in 
America, there has grown a considerable 
amount of information dealing with the 
internal aerodynamic flow through gas tur- 
bines. This lecture attempts to cover in a 
general way this information, but in order to 
keep the lecture to a reasonable length the 
emphasis has been placed on cascade investi- 
gations, axial compressors and_ turbines, 
although centrifugal compressors and ducting 
problems are also dealt with briefly. 


NOTATION 


a=distance of point of maximum cam- 
ber from blade leading edge 
c =blade chord 
h =blade height 
i=incidence = x, B, 
s =blade spacing or pitch 
t=blade maximum thickness 
x = [X 
C,=drag coefficient 
C,, =annulus drag coefficient 
Cy, = profile drag coefficient 
Cp, =secondary drag coefficient 
C,,,,,=drag coefficient based on outlet 
velocity =Cy x (Vin/V.)" 
C,=lift coefficient 
=lift coefficient based on outlet 
velocity =C, x (Vin/V.)? 
D=drag 
Kp= specific heat at constant pressure 
L=lift 
Mn= Mach number 
N =r.p.m. 
P =pressure 
Rn=Reynolds number 
T = temperature 
U =peripheral blade velocity 
V, =axial velocity 
V, =inlet velocity 
V,=outlet velocity 
V»—vector mean velocity of V, and V,, 
W —mass flow 
2, —fluid inlet angle 
= fluid outlet angle 
%m —fluid vector mean angle 
8, =blade inlet angle 
8, blade outlet angle 
5 =deviation = x, - 8, 
e =deflection = +, — x, 
ip = Stage efficiency 
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6=blade camber=f, - 8, 

=pitch/chord factor 

p =density 

w# =mean total head pressure loss 
\P, =stage pressure rise or drop 
AT,= stage temperature rise or drop 

(—work done factor 


2. IMPORTANCE OF AERO- 
DYNAMICS IN GAS TURBINE 
DESIGN. 


Internal flow problems occur with piston 
engines, but it is gas turbines that have 
emphasised particularly the importance of 
refined internal aerodynamic design, and the 
efficiency and bulk of the compressors and 
turbine components are largely determined 
by the lift coefficients, drag coefficients, Mach 
numbers, and so on that can be used. With 
aircraft applications the major aerodynamic 
design requirements are 

(1) good component efficiencies, 

(2) low weight, and 

(3) for high speed aircraft—small frontal 

area. 
For plant engines on the other hand (1) is of 
prime importance, (2) is normally only of 
secondary importance and (3) does not apply. 

Low weight appears to have always been 
the most important requirement for aircraft 
engines and, for example, the reduction of 
(weight/power) has been one of the main 
trends in piston engine development"), while 
it is believed that the specific fuel consump- 
tions of such engines have not altered greatly 
during the past 20 years. Similar tendencies 
are occurring with aircraft gas turbines and, 
because of this preference for low weight, 
their axial and _ centrifugal compressors 
usually run at maximum r.p.m. with efficien- 
cies which are often three to four per cent. 
lower than could be obtained by operating 
at lower speeds or Mach numbers, but with 
much greater component weights. The best 
compromise at any time between low weight 
and low specific fuel consumption will 
depend on whether the aircraft is a short 
rangé or a long range one, although consider- 
able progress is likely to be made on both 
requirements in the future. Small frontal 
area involves the use of high axial velocities 
in both compressors and turbines and so it 
is also an aerodynamic matter, but one 
should add that correspondingly higher axial 
velocities are also required of the com- 
bustion chamber. 
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The influence of component efficiencies 
on overall performance is worthy of some 
consideration before proceeding to the more 
detailed aerodynamic aspects of design. Most 
aircraft gas turbines operate on a simple 
cycle without inter-cooling or heat exchange, 
and so the overall performance under test bed 
or sea level static conditions can be worked 
out easily in terms of the overall compression 
and expansion polytropic efficiencies, the 
compressor temperature rise, and the maxi- 
mum temperature at inlet to the turbine. 
With given values of the previous tempera- 
tures the performance is dependent only on 
the product of the compression and 
expansion efficiencies and it is convenient, 
therefore, to think in terms of the geometric 
mean of these polytropic efficiencies—the 
resulting efficiency to be called the mean 
component efficiency. Values of specific fuel 
consumption and of thrust and power outputs 
are plotted against this efficiency in Figs. 1 
and 2 for simple jet and propeller engines 
respectively, the maximum temperature being 
800°C. (1073°K) and the compressor tem- 
perature rises being 150, 225 and 300°C. 
The compressor temperature rises for most 
aircraft gas turbines are in the range 150 to 
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Component efficiencies and overall performance—- 
simple jet engines. 
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225°C., which corresponds to pressure ratios 
of about 34 to 54, and the present-day 
values) of mean component efficiencies are 
usually between 80 and 85 per cent. 
Figures 1 and 2 show that important 
reductions in specific consumption and 
increases in outputs for given air flows are 
obtained from better mean component effi- 
ciencies. The improvements given are roughly 
three and six per cent. for simple jet and pro- 
peller engines respectively for every one per 
cent. increase in mean component efficiency. 
As the mean efficiency is a geometric mean of 
the compression and expansion efficiencies, 
an increase of one per cent. in only one of 
the latter will result in half the previous 
overall improvements, although actually any 
aerodynamic improvement in blade design 
will probably apply equally well to both the 
compressor and the turbine. On the steam 
turbine a one per cent. improvement in the 
turbine efficiency is only a one per cent. 
increase in overall, but a similar increase 
on both the compressor and the turbine gives 
a six per cent. increase in overall efficiency 
for the power gas turbine, and so emphasises 
the greater importance of good aerodynamics 
for such engines. Reductions in efficiency 
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Component efficiencies and overall performance— 
propeller engines. 
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have a big effect on gas turbines and if the 
component efficiencies drop to around 60 to 
70 per cent. there is no net power and there- 
fore the overall efficiency is zero. At present 
values of the efficiencies, the compressor 
temperature rise or pressure ratio does not 
have a big effect on output, and the Sea level 
static outputs are roughly 50 Ib. thrust or 
70 h.p. for each pound/sec. air flow. 
Increasing the pressure ratio produces 
considerable reductions in specific fuel con- 
sumption, and high pressure ratio engines 
will compete with heat exchanger engines 
where high overall efficiencies are required. 

In reference 5, a paper on the dependence 
of gas turbine economy on internal aero- 
dynamic design, a comparison given for 
aircraft suggests tnat both high pressure and 
heat exchanger engines could have overall 
efficiencies of 25 per cent. or a specific fuel 
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consumption of 0.55 1b./h.p./hr. with 
present -day component efficiencies.  Per- 
formance estimations similar to the above 
are of great interest to engine aerodynam- 
icists and more information on the subject 
can be obtained, for example, from references 
6, 7, 8 and 9. 

The importance of aerodynamics in gas 
turbine design is obvious from what has been 
said already, but to put the various require- 
ments into effect the engine aerodynamicist 
has to have a detailed knowledge of the lift 
coefficients, drag and loss coefficients, air 
deflections, Mach numbers and so on that 
can be used for his blades, and of the flow 
conditions and losses in various forms of 
ducts. It is with these rather more detailed 
aspects that this lecture is largely concerned. 
Previous experiences on steam turbines and 
piston engine superchargers have contributed 


Fig. 3. 
Turbine high speed cascade tunnel No. 3. 
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Fig. 4. 
Compressor high speed cascade tunnel No. 6. 


some useful data to the aerodynamicist, 
but not as much as one would at first expect; 
and one has only, for example, to read 
references 1 to 3, or to look at information 
on some of the Swiss plant (7?) 
to realise that the gas turbine has introduced 
anew and a more aerodynamic outlook on 
the internal flow through prime movers. 
Again, although aerodynamics is naturally 
associated with the external flow past aircraft, 
the same fundamental laws, if they were 
fully known, would apply to both internal 
and external flows, but actually at present 
there are considerable differences in practice 
between the data obtained, and the detail 
methods used, for the two categories of flow. 


3. FLOW THROUGH BLADES IN 
CASCADE. 


A detailed knowledge of the flow through 
cascades is necessary in the design of blading 
for axial compressors and turbines and the 


cascades’ performance can be obtained either 
directly from wind tunnel tests and theor- 
etical considerations, or indirectly from 
overall compressor and turbine performance. 
This section deals with data on the two- 
dimensional flow past cascades and, in 
particular, with data deduced from wind 
tunnel tests and from theory. Typical 
examples of results from wind tunnels are 
those reported by Harris and Fairthorne"®), 


Christiani"*),  Keller“*), Shimoyana'’®), 
Howell”) (8), Zweifel°, 
Howell and Carter?!), and 


Methods of solving the ideal flow through 
cascades are given by Kawada"**), Weinig'**), 
Merchant and Collar’**) and Traupel®, 
while Haller‘*’) uses the electrolytic tank‘*® 
for the same purpose. Characteristics of 
aerofoils in cascade have also been obtained 
from pressure plotting on rotating blades by 
Weske and Marble'’®?. 

There are many cascade wind tunnels in 
use in this country.''*) °*) They are of both 
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low and high speed types, the former being 
the more convenient for investigations which 
do not primarily involve Mach number. 
Photographs of two of the high speed wind 
tunnels at the National Gas Turbine Estab- 
lishment (N.G.T.E.) are shown in Figs. 3 and 
4, which will test respectively turbine and 
compressor blades of ? in. to one in. chord 
up to a Mach number of unity. The 


traversing mechanisms are prominent in the 
photographs and they enable traverses to be 
made of total head and static pressures, and 
of flow angles along the cascade, and it is 
from these measurements that the various 
aerodynamic coefficients are deduced. The 
lift C, and drag C,, coefficients are related to 
the fluid angles «, and x, and to the mean 
total head pressure loss w by the following 


CAMBER LINE. 


L£. 


Cc 


a=Distance of point of maximum camber from L.E. 


c=Chord 
#=Camber angle=8,—2, 
t =Maximum thickness. 


Fig. 5. 
Cascade notation 


a,=Fluid inlet angle 

a,=Fluid outlet angle 
8,=Blade inlet angle 

B,=Blade outlet ang'e 
V,=Inlet velocity 


V,=Outlet velocity 
i= Incidence=a,—8, 
e=Deflection=a, —a, 
s=Pitch 
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relationships'’*) (the cascade notation being 
illustrated in Fig. 5). 
C,=2 (s/c) (tan x, tan x,) COS Cp tanam 
Cy= (8/0) 4, 
or =(s/c) @/4pV,") cos * a, /cos ? a, 
(compressors) 
or =(s/c) (@/4pV,,*)cos * 2,,/cos ? a, 
(turbines) 
where tan x,,=4 (tan x, + tan x,) and gives the 
direction x,, of the vector mean velocity V,, 
of the fluid inlet and outlet velocities V, and 
V,. It is this vector mean velocity that is the 
velocity on which the circulation around the 
aerofoil is superimposed to give the inlet and 
outlet velocities and directions, also the lift 
and drag act perpendicular to and along the 
vector mean direction, and therefore the C, 
and C,, are based on V 

The above equation for C,, gives its true 
value, but it is generally far more convenient 
to use a theoretical value’): @) which 
is defined as 2 (s/c) (tan x, tan x,) COS 
When the blades are unstalled the difference 
between the two values of C,, is of the order 
of only two per cent., and it will be the 
theoretical value that is used henceforth in 
this lecture, particularly as its use simplifies 
the relationships to be given later for stage 
efficiencies. Different formulae are given for 
C, because of the general practice of refer- 
ring the losses (™) to the biggest velocity head, 
which is normally at inlet for compressors 
and at outlet for turbines. All angles are 
measured from the axial direction, and the 
fluid and blade outlet angles x, and £8, are 
usually positive for compressors and negative 
for turbines. Values of C,, and C,, for one 
compressor cascade at Mach numbers of 0.3 
and 0.7 are plotted against incidence in Fig. 6 
to show the type of result obtained from 
cascade testing. The incidence is taken to be 
the difference between the fluid and blade 
inlet angles, that is, it is equal to x, — f,. 

In the design of compressor and turbine 
blading the aerodynamicist has many 
variables to choose from, too many in fact— 
he has all the possibilities that occur with 
isolated aerofoils for aircraft, plus a much 
wider range of cambers and the possibility of 
setting the aerofoils in cascade at a great 
variety of outlet blade angles and pitch/chord 
ratios. The cascade information is therefore 
used to find which of the many possible 
design conditions are likely to give the best 
overall results taking into account work 
capacity and efficiency: and then the corres- 
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Typical compressor cascade test results. 


ponding fluid deflections and lift coefficients 
are plotted against the fluid outlet angle z. 
for given values of pitch/chord s/c. Such 
curves deduced from axial compressors are 
given in references 17 and 18, but no similar 
curves from test results appear to have been 
published for turbines. 

There are some simple theoretical con- 
ceptions which apply over a wide range of 
conditions with reasonable accuracy for both 
compressors and turbines. They are based 
on the use of special lift and drag coefficients 
referred to the outlet velocities instead of the 
more normal vector mean velocities, and they 
have been discussed in a paper‘*’) by Carter 
and the lecturer. Unknown to us at the time, 
similar ideas had also been put forward by 
Zweifel°) a little earlier in a Brown Boveri 
Review. For a discussion of the reasons for 
this choice, which are based on pressure dis- 
tribution considerations, reference should be 
made to the two papers quoted, as it would 
take up too much of this lecture. With regard 
to the results obtained, Zweifel’s values tend 
to be about 10 per cent. to 15 per cent. lower 
than ours and he does not use a correction 
for the effect of pitch/chord. Theoretical 
results for permissible or design deflections 
from our paper’) are given in Fig. 7, and 
the high deflections for the turbine blades 
compared with the compressor blades should 
be noted. 
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Fluid deflection curves. 


In reference 21 the special lift and drag 
coefficients are denoted by C,,,,, and C,,,, 
and they are equal to the normal coeffi- 
cients C, and C, multiplied by (V,,/V.) 
or (cos? «,/COS? 4m). The pitch/chord factor 
used will be called A and it is equal to 
{ 6(s/c)- 1} /5 (s/c) and so it is unity at an 
s/c of 1.0. This factor is introduced because 
of the “blockage” effect of finite thickness 
blades, which reduces the lift and increases 
the drag at low pitch/chord ratios. The 
design curves on Fig. 7 are deduced 
from C,,y, =1.125A or its equivalent, 
C,=1.125A (V,/V,,)?.. The corresponding 
design value of C,,,, is 0.018/A and of lift/ 
drag L/D is 62.5)’. 

In Fig. 8 values of AC,,,,, amd C,,,, /A 
are given for some low speed wind tunnel 
tests from reference 21 and for data deduced 
from low speed compressor and turbine stage 
characteristics after an allowance had been 
made for secondary and other losses. In the 
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low drag region, that is around design con. 
ditions, there is a measure of agreement 
between the values plotted, particularly when 
it is realised that the normal lift coefficients 
C,, for the turbine examples are two to three 
times those for the compressor blades. Away 
from the low drag region there are big 
differences, but, as will be seen in the next 
section, the differences will not necessarily 
spoil the use of these simple universal criteria 
when it comes to estimating stage and overall 
performances. 


Before proceeding further, it should be 


mentioned that the results of this section and 
the following one apply to Reynolds number 
Rn of about 2 to 5 x 10°, when based on inlet 
velocities for compressors and outlet velo- 
cities for turbines. 


4. AXIAL COMPRESSOR AND 
TURBINE PERFORMANCE. 


The performance of axial compressors and 
turbines can be obtained from overall tests 
or from estimations made from cascade or 
similar data; both are desirable, although 
there exists little information on the overall 
test characteristics of turbines as used in gas 
turbine applications. Information on axial 


compressor performance and, to a lesser 


extent, on turbine performance is included in 
many of the references already given. Other 
data on performance are given by Smith®”, 
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Lift and drag coefficients based on outlet velocities. 
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Fig. 9. 
Multi-stage experimental axial compressor 
No. 106. 


Sinnette**), Betz®*), Seippel®®), Ruden ”), 
Sedille**), Bell*), Eckert?) and Howell”), 
all of which are on axial compressors or fans, 
except for Traupel’s which offers extensive 
theories covering both compressors and 
turbines. It will thus be seen that for turbine 
characteristics reliance has to be placed at 
present mainly on cascade tests with, possibly, 
corrections for three-dimensional effects as 
in compressors, plus some test knowledge of 
what the efficiencies are, at or near, design 
point conditions. 

The flow in the stage of a compressor or 
turbine gives somewhat different results from 
that expected from two-dimensional estimates 
made from wind tunnel data. These differ- 
ences are caused by the three-dimensional 
effects associated with the growth of the 
boundary layers along the walls of the 
annulus, with tip and axial clearances, and 
with wakes from previous blade rows. The 
three-dimensional flow is somewhat similar 
to, but unfortunately not identical with, that 
obtained from the end effects in a cascade 
tunnel; and so to get the necessary corrections 
and factors an extensive analysis has to be 
made from tests of full-scale compressors. 

Similar, but more detailed investigations, 
are also made with special compressors and 
fans, such as the multi-stage experimental 
low speed compressor at the N.G.T.E. which 


is illustrated in Fig. 9. These experimental 
rigs carry suitable traversing equipment and 
are built up in an adjustable manner. For 
example, the multi-stage compressor of Fig. 9 
can be operated with any number of stages 
up to eight, with axial clearances between the 
blade rows from 1/6 chord upwards, and its 
blades can be set at different angles and, 
again, it can be traversed completely round 
the circumference. As has been stated 
already, there is as yet little similar inform- 
ation on turbines, although at the N.G.T.E. 
we have obtained a lot of useful stage data 
from tests of the multi-stage turbine shown 
in Fig. 10. 

The three-dimensional flow between blades 
is illustrated rather diagrammatically in 
Fig. 11 for compressor and turbine stators 
with tip clearance, and the flow relative to 
the rotors would also be of the same general 
form. The flows A and B are the normal 
ones associated with fluid flow around bends, 
but C is an additional one due to the fact 
that the bounding annulus wall at the tip is 
moving relative to the blade. For the turbine, 
flow C presumably combines with B as they 
are of the same direction of rotation. The 
losses, caused by this flow between the 
blades, appear downstream of the blades as 
trailing vortices, which usually form into two 
major vortices as with aircraft wings. With 
shrouded blades, flows C are replaced by the 
leakage flows around the shrouds, which are 
roughly perpendicular to the flows of Fig. 11. 


Fig. 10. 
Multi-stage turbine B.10. 
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Fig. 11. 
Three-dimensional flow in axial compressors and turbines. 


The corrections to the wind tunnel data 
are taken to be, in this section, the same as 
those in reference 18 for axial compressors. 
There the total drag coefficient C,, is given by 

Cy, + Cy, Cy, 
where C Dp is the profile drag coefficient as 
measured in cascade wind tunnels, Cp, is 
the annulus drag coefficient corresponding to 
friction on the walls of the annulus, and C,, 
covers all secondary losses, particularly those 
giving rise to trailing vortices. C,), and 
Cp, are taken equal to 0.020 s/h and 0.018 
C,” respectively, where s is the blade spacing 
or pitch and / is the height of the blade. 
Actually the correct form of Cp, and C), 
for turbines are not yet established, and so 
the use of the compressor values above may 
well be incorrect; nevertheless the final over- 
all results normally obtained seem to be 
reasonable for both compressors and _tur- 
bines. At the average design point with 
stage efficiencies of 85 to 90 per cent., the 
secondary and annulus losses account for 
about a half of the total losses. The C D, 
given is a mean one applicable to multi-stage 
compressors and turbines, and it is high for 
single- or two-stage units because of the better 
flow conditions in them. As it is more 
difficult to obtain correct efficiencies from 
single - stage than multi-stage rigs, the 


relevant values are not accurately known, and 
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so it is rather arbitrarily suggested that the 
Cp, for the compressor entry guide blades 
and the turbine first stage stator should be 
one quarter the multi-stage value, while for 
the compressor first stage rotor and stator 
and the turbine first stage rotor and second 
stage stator C,, values equal to one half the 
multi-stage ones should be taken. For multi- 
stage compressors there is an additional 
correction,”*) the work done, as calculated 
from wind tunnel data, has to be multiplied 
by a “work done factor” 2 which is equal to 
about 0.86; but no similar correction is 
required for turbines. 

The profile drag coefficient C,, is usually 
obtained from wind tunnel work, but for 
general comparisons between various designs 
it is often convenient and accurate enough to 
take one curve to represent the tunnel data 
on the basis of the C,,,,’s and C,,,,’s of 
the previous section. Considering Fig. 8, it 
is the wide range of the low speed compressor 
cascade curve which fits in least with the 
others; but in the average compressor there 
will be some Mach number effects and these 
will tend, as in Fig. 6, to reduce the low 
loss range and so make the compressor cas- 
cade more like the others. Again, in the 
stalled regions at the higher C,,,, ’s, any 
“one curve” should be biased towards the 
turbine as it can operate under these con- 
ditions, while the compressor would be 
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surged and be unstable. The “one curve” 
finally decided upon is shown in Fig. 12 and 
gives a suitable approximate relationship 
between lift and drag coefficients. The values 
plotted are from the equation 

AC =9.15 (1 + x) 1)? + 0.016, 

where 
From this one curve, values of C, and C,, 
factually Cy, ) can be readily calculated from 
the various cascade relationships included in 
section 3 and these, together with the 
corrections of the previous paragraph, give 
the performance of most cascades likely to be 
used in compressors and turbines. These 
methods appear to be only reasonably 
accurate up to design fluid deflections of 
about 100°. 

The stage performances of the cascades 
are obtained from the velocity triangle 
relationships. The velocity triangles for 
compressors and turbines are themselves now 
well known and so need not be discussed. 
The following relationships are for blading 
with 50 per cent. reaction at the design dia- 
meter, which is normally the mean diameter. 
The axial velocity V,, the peripheral velocity 
U, and the stage temperature rise or drop 
AT, are corrected by 


U/V,=tan x, + tan x, (compressors) 
= —(tan x, + tan x,) (turbines) 
KpAT,—QUYV, (tan x, tan «,) (compressors) 


—UV, (tan x,-tanz,) (turbines) 
6 
0-20 
C- COMPRESSOR 
T- TURBINE 
— APPROX CURVE i 


a A= {6 (%)- (%) 
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Approximate relationship for lift and drag 
coefficients. 


where Kp is the specific heat of the fluid at 
constant pressure and {) is the work done 
factor in compressors. The stage efficiency 
IS given by 


Cy 
x— 


ys=1- C, (compressors) 
2 
= 1/ sin 27,, x (turbines) 


where x,, is the vector mean angle defined in 
section 3 and C,, is the total drag coefficient. 
For other degrees of reaction the relationships 
are somewhat more complicated than the 
above, and many engine aerodynamicists 
prefer to work in terms of loss rather than 
drag coefficients—however both are fairly 
simply related as has already been shown in 
section 3. It is now convenient to consider 
examples of the application of the above 
methods to the estimation of stage and over- 
all performance characteristics. 


5. STAGE AND OVERALL 
PERFORMANCE EXAMPLES. 


Typical 50 per cent. reaction compressor 
and turbine blading are taken for the 
examples, and the steps in the method of 
calculation are shown by Figs. 13 to 19. The 
design point data for the blades are given 
in the table below, and correspond to maxi- 
mum lift/drag conditions, that is to point 4 
on Fig. 12. 


Example Compressor Turbine 


Pitch/chord (s/c) 0.75 0.75 
Fluid inlet angle («,) 50.2° 15° 
Fluid outlet angle (z.,) 30° — 60° 
Lift coefficient (C,) 0.70 2.42 
Cu /A 1.0 1.0 


As the blading is 50 per cent. reaction the 
rotor and stator blades are the same and the 
actual blades, which correspond to the con- 
ditions in the table, are shown in Fig. 13. 
The design incidence is zero and an allowance 
has been made for the deviation 6 (=z, — 8.) 
according to the rules in references 18 and 21. 
The next step is to calculate the lift and drag 
coefficients C,, and C Dp corresponding to the 
curve of Fig. 12, using the cascade relation- 
ship of section 3. For this purpose the 
outlet angle x, is assumed to remain constant, 
although for compressors it can be varied 
somewhat if required, as in reference 18. 
The results of these calculations plotted 
against incidence are shown in Fig. 14 and in 
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compressor and turbine performance examples. 
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particular the wide range of incidence 
operation for the turbine blade will be noted. 
The values of Cy, and Cy, are then added 


to Cy, to give the total drag coefficient and 


the stage efficiencies 7, are then found. 

For the stage characteristics the tempera- 
ture and pressure rises or drops are plotted 
as coefficients equal to KpAT,/4U* and 
AP./4pU? respectively. The pressure rise 
coefficient is equal to the temperature rise 
coefficient multiplied by », for compressors 
and divided by », for turbines. Another 
coefficient used is the flow coefficient (V,/U). 
All these coefficients are readily deduced 
from the velocity triangle relationships, and 
the results obtained for the two examples are 
given in Figs. 15 and 16, together with the 
points corresponding to the numbers | to 6 
on Fig. 12. It will be noted that the more 
stalled parts 5 and 6 do not appear on Fig. 16 
for the turbine stage characteristics, as they 
occur towards “static torque” conditions with 
U approaching zero and V,/U approaching 
infinity. 

For aircraft engines these static conditions 
are of no particular interest but they are 
of the greatest interest to traction gas 
turbines and then it is better to base the 
various turbine coefficients on V, instead of 
U, and this is done in Fig. 17. The overall 
performance characteristics are obtained 
from a stage-by-stage calculation through the 
compressor or turbine and the kind of results 
obtained for multi-stage components, from 
the above stage characteristics, are shown in 
Figs. 18 and 19 for design pressure ratios of 
4. The flows and r.p.m. are plotted in Figs. 
18 and 19 relative to the design values and 
their actual values will depend on_ the 
dimensions and the number of stages of the 
components being considered. If relatively 
small numbers of stages are used, as in 
aircraft engines, then the higher speed char- 
acteristics will have smaller mass flow ranges, 
and the compressor efficiencies may be down 
two to four per cent. depending on what are 
the operating Mach numbers. The efficiencies 
of turbines do not appear to be greatly 
affected by Mach number, and for certain 
conditions, as in reference 22, there might 
even be some reduction in losses at outlet 
Mach numbers of around unity. 

Although the suggested methods of 
performance estimation have had to be 
given somewhat briefly, all the necessary 
fundamental cascade data and the three- 
dimensional corrections are included in the 
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sections concerned. The experienced engine 
aerodynamicists will know all about the 
various cascade and velocity triangle relation- 
ships, and about how to apply this data in 
detail to their calculations; but for those 
newer to the subject, more information can be 
obtained from many of the references 
previously quoted and in particular, for the 
methods of this lecture, references 17, 18, 19. 
20, 21 and 41 are useful. For more data on 
turbine velocity triangles, and so on, reference 
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can be made to books on steam turbines, such 
as reference 42. 

In general practice most of the data are 
confined to the design point conditions, and 
the characteristics of compressors and_tur- 
bines tend to be estimated from previous test 
experience on somewhat similar machines, 
although with axial compressors there are 
methods available”*): ‘*') of estimating their 
performances from basic principles. It is my 
belief that in future it will be considered just 
as natural for estimations of complete char- 
acteristics to be made for normal compressors 
and turbines as they are nowadays for aircraft 
and, of course, before they are built. The 
methods I have suggested are over-simplified, 
nevertheless, it is hoped that they may form 
an introduction to the more accurate and 
advanced conceptions that will most certainly 
be developed, and which will probably be in 
somewhat similar aerodynamic language. 


6. CENTRIFUGAL COMPRESSORS 
AND DUCTING. 


Centrifugal compressors are extensively 
used for simple jet engines and also, in con- 
junction with axial compressors, for propeller 
engines. Multi-stage centrifugal compres- 
sors‘**) have been used for very many years 
in plant applications. The flow problems 
associated with these compressors are often 
nearer to those for ducting than for aerofoils, 
and no very rigorous aerodynamic methods 
are available for estimating their overall per- 
formance characteristics. The only detailed 
account of the aerodynamics of the high 
speed centrifugal compressors used for air- 
craft gas turbines is the one by Cheshire‘. 
In multi-stage compressors there is a duct 
problem in the flow connection between the 
diffuser of one stage and the impeller eye of 
the next. 

One of the major problems in centrifugal 
compressors is the satisfactory matching of 
the diffuser with the impeller. In Fig. 20 
pressure ratio characteristics are given for 
somé tests done at the N.G.T.E. on a Whittle- 
type centrifugal, and they show clearly the 
limiting effect of the diffuser on centrifugal 
compressor performance. The tests on the 
impeller alone were made in a special com- 
pressor with a diffuser-less blower casing. In 
these particular tests it was the impeller which 
appeared to be mainly responsible for the 
reductions in efficiency which normally occur 
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at the higher tip speeds, while it was the 
diffuser which limited the operating mass flow 
range. 

It is of interest to compare the flow ranges 
for various compressors and this is done for 
jet engine compressors in Fig. 21. The ranges 
are estimated from the test results for three 
centrifugal compressors given in references 1, 
44 and 45 and for three axial compressors 
taken from references 2 and 30. In general 
there is little to choose between the results 
for the two types of compressor, but the very 
much smaller flow ranges for both at the 
higher pressure ratios will be noted. A small 
flow range in itself is not detrimental to gas 
turbine performance, its effects are to make 
matching more difficult and expensive when 
two or more compressors have to operate 
together. Even with the matching problem 
between diffuser and impeller, the centrifugal 
compressor as developed for simple jet 
engines gives a total head adiabatic efficiency 
as high as 80 per cent for four to one pressure 
ratio. 

For aircraft engines without heat 
exchangers, any ducting problems that occur 
are usually before or after the compressor 
component. Straight through inlet ducts are 
normally satisfactory with simple jet engines, 
but the ducts surrounding the reduction gears 
on propeller engines sometimes need aero- 
dynamic development. With the outlet 
diffuser, in addition to keeping down the 
aerodynamic losses, it is desirable that the 
distribution of flow at outlet should be as 
good as possible for the following combustion 
chamber. Duct losses can be most serious 
at both compressor and turbine ends, in heat 
exchanger aircraft engines and plant engines 
generally, and much work will need to be 
done before such engines give efficiencies 
approaching the high values suggested by 
their ideal thermodynamic cycles. The effects 
of duct losses on component and overall per- 
formance for aircraft and plant engines are 
discussed in reference 5, and some other 
aspects of axial compressor outlet ducts are 
also dealt with in the next section on some 
general design considerations. 


7. SOME GENERAL DESIGN 
CONSIDERATIONS. 
Because of the need for low weight the 


compressor and turbine components for air- 
craft gas turbines are designed for higher 
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Power at a given r.p.m. for aircraft and plant 
applications. 


12,500 


Mach numbers and higher rotational speeds 
than for the corresponding components in 
plant engines. For example, plant axial com- 
pressors operate at 70 to 80 per cent. of the 
Mach numbers of those for aircraft, and as a 
result they have to have 50 to 100 per cent. 
more stages in them for the same pressure 
ratio. The differences in rotational speeds 
for the same power outputs are much greater 
than they are for Mach numbers, because of 
the bigger diameters in addition to the lower 
velocities of plant engine components. 

An interesting comparison between air- 
craft and plant engines can be made by 
scaling the units up or down so that their 
design speed becomes 3,000 r.p.m., a speed 
suitable for electric power generation. This 
is simply done, as the powers for different 
scales are inversely proportional to the square 
of the speed—thus an aircraft engine produc- 
ing 2,500 h.p. at 12,000 r.p.m., if scaled up 
four times in dimensions would run at 3,000 
r.p.m. and produce 2,500 x (12,000/ 3,000)? 
or 40,000 h.p. Values of horse power and 
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static thrust for various British aircraft 
engines have been estimated, on this basis of 
the same design r.p.m., from data given in 
reference 46, and the results obtained are 
shown in Fig. 22. The thrusts are included 
because, numerically, their values in pounds 
are comparable with the horse powers that 
would be obtained with similar components. 
For the propeller engines the power is the 
equivalent static brake horse power, the 
equivalent jet power being taken numerically 
as equal to 0.4 of the jet thrust in pounds, 
It will be noted that while single sets of simple 
and compound engines at 3,000 r.p.m. will 
give powers of up to 10,000 and 20,000 h.p. 
respectively, aircraft engines, if scaled to have 
this same design speed, would appear to be 
capable of producing powers of between 
20,000 and 80,000 h.p. The highest values 
of power or thrust would be given by engines 
with double entry centrifugal or axial com- 
pressors. 

Similar results would be obtained for other 
countries’ aircraft engines, for example, the 
data given on pp. 112 and 113 of reference 
47 for some American high speed axial jet 
engines would suggest thrusts of 35,000 to 
50,000 Ib., if scaled to design speeds of 
3,000 r.p.m. Also shown in Fig. 22 are values 
of what the design r.p.m. would be of 
5,000 h.p. or 5,000 Ib. thrust. With the 
improvements that are likely to occur it is 
possible that in future satisfactory plant 
design will be made with similar aerodynamic 
limits to those in use to-day for aircraft 
engines, and then powers of 50,000 k.w. and 
more at 3,000 r.p.m. will become practicable 
with single sets of relatively simple design. 

The design rotational speed for a given 
thrust or power is affected by the choice of 


compressor, and in Fig. 23 there are illus- | 


trated various compressors for 5,000 Ib. 
thrust simple jet engines, together with their 
corresponding single- or two-stage turbines. 
The double entry centrifugal runs at 12,000 
r.p.m., the single stage centrifugal and high 
speed axial are at 9,000 r.p.m., and the low 
speed axial runs at 6,000 r.p.m. The designs 
shown are typical, but they do not correspond 
to any particular engines. Fig. 23 also 
indicates the small bulk and therefore low 
weight of the single-stage turbines and so 
shows why designers tend to favour them, 
but for the low speed unit, the two-stage 
turbine might be preferable because of the 
small blade height and large diameter of the 
single-stage turbine. 
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5.000 LBS. STATIC THRUSTS. 


COMPRESSORS 
TURBINES 
I-STAGE. 2- STAGE. 


CENTRIFUGAL i 
12, 000 RPM. 


SINGLE 1 
ENTRY 


CENTRIFUGAL 
9,000 R-P.M. 


HIGH SPEED 


AXIAL 
— 9,000 RPM. 
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AXIAL 
< 6,000RPM. 


Fig. 23. 
Single- and two-stage turbines for various simple jet compressors. 
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Another important design consideration is 
concerned with getting good flow conditions 
and low losses at outlet from axial com- 
pressors. For low stage weight it is better 
to keep the axial velocities high throughout 
the compressor, but there is then the problem 
of recovering this velocity energy in the 
diffuser. An alternative is to reduce the axial 
velocity along the compressor, as for 
example, is suggested in the scheme quoted 
on pp. 162 and 163 of reference 47, but this 
method normally requires more stages. The 
two types are illustrated in Fig. 24, and the 
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one which will tend to be used in the future 
will be determined by how good, or other- 
wise, the outlet diffuser systems can be made, 

There are many considerations which have 
to be taken into account in design, and I have 
only indicated above three of them by way 
of example; they are the choice of the 
rotational speed, of the number of turbine 
stages, and of the outlet velocities from com- 
pressors. Successful design of the components 
of gas turbines is largely dependent on a 
good knowledge of the aerodynamics of the 
flow in them, and on experience gained from 
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Axial compressors designed for different outlet axial velocities. 
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one’s own and other people’s work. In this 
lecture many references have been made to 
work by various people, but the list is by no 
means exhaustive or fully representative, and 
other references can be obtained from the 
ones quoted. 


8. CONCLUSIONS. 


It is hoped that some of the methods and 
problems with which engine aerodynamicists 
are concerned have been indicated. Although 
there is already a fair amount of information 
on the aerodynamics of gas turbines, it is my 
view that the internal flow through such 
engines is more complex than the external 
flow past aircraft, and that it will take some 
time and effort before engine aerodynamicists 
fully know what is happening in their com- 
pressors and turbines. Blading in axial 
compressors and turbines have flow problems 
similar to those which would occur with 
many hundreds of aircraft flying very close 
to each other and moving continually in and 
out of each other’s wakes—the aircraft flying 
at Mach numbers comparable with those for 
the fastest fighters but with lift coefficients 
and wing loadings at such speeds many times 
those for normal aircraft. Nevertheless, even 
with such three-dimensional flow conditions 
it is still possible to make reasonable 
estimates of the overall performance of com- 
pressors and turbines, particularly axial 
compressors, and one simple universal 
method of estimating performance is given in 
this lecture. The views expressed should be 
taken as my own, as they are not necessarily 
those of the Ministry of Supply. 

Finally, I wish to express my thanks to the 
Chief Scientist, Ministry of Supply and to my 
Director, who is your President, for per- 
mission to give this lecture. The figures 
shown are Crown Copyright. 
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DISCUSSION 


Prof. O. A. Saunders (Imperial College): 
Despite the President’s warning he would like 
to congratulate Mr. Howell on his paper, 
which apart from bringing forward some very 
stimulating ideas on turbine and compressor 
cascade results, provided a valuable guide to 
other papers which dealt in more detail with 
many points. 

As pointed out in the paper the gain to be 
had from further improvement in aero- 
dynamic flow was considerable. He was 
sure that progress would be helped by bring- 
ing together fundamental knowledge of all 
conditions of flow, whether past single aero- 
foils or through compressors or turbines or 
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ducts, along the lines that the author had 
attempted. Reducing the fuel consumption 
of aircraft turbines, despite some ingenious 
attempts to prove the contrary, was still an 
important matter, and one of the methods of 
achieving it was improved component effi- 
ciency; even in the other method of higher 
compression the solution of aerodynamic 
problems was going to be one of the pre- 
requisites to success. 

In the axial compressor, reviewing the 
present state of their knowledge, there were 
still a great many gaps in their understanding 
of what actually occurred in a compressor, 
and the enterprising designer must still feel 


th 
de 
M 
hi 
de 
es 
ae vi 
| 
de 
if 
| | 
Sl 
4 10) 
al 
| 
a 
= 


14 


buck, 
1938, 


srown 
No. 5, 


tufige 
and 


ce in 
June 


flow 


THE AERODYNAMICS OF THE GAS TURBINE 


that he was taking considerable risks if he 
departed from conventional design, as he had 
to do if he was to achieve further progress. 
More experimental analysis of the flow in 
actual compressors was needed, in fact the 
high speed equivalent of the low speed com- 
pressor which Mr. Howell had described. To 
give a few general examples, how far was 
design for radial equilibrium necessary, 
especially in the later stages, and what were 
the penalties for departing from it? Free 
vortex flow was strongly advocated until 
recently, but it semed to him that its effects 
might be completely masked by the great 
deterioration of the velocity profile which was 
known to occur along the compressor. What, 
if anything, could be done to reduce the 
growth of the boundary layer on the inner 
and outer surfaces? 

Were the three-dimensional flow effects, 
such as those in Fig. 11, materially different 
with a rotating boundary surface, as in a 
compressor with unshrouded blades, and in 
one with shrouded blades? Why was a 
work-done factor necessary in a multi-stage 
compressor and not in a multi-stage turbine? 
He would like to know, as a general question, 
how far Mr. Howell thought the efficiency 
and performance of axial compressors could 
be further improved and what were the lines 
along which success would be achieved? 

It did not appear that troubles would cease 
when they turned to the turbine instead of 
the compressor, despite the more favourable 
flow conditions, and he thought the author’s 
statement that in future they should design 
gas turbine engines completely before they 
were built was perhaps still a shade on the 
optimistic side. At the moment he felt that 
possibly the gap between the cascade per- 
formance and the actual performance was 
greater for the turbine than for the axial 
compressor. 

The curves in Fig. 7 were of great interest. 
Could the author give an explanation of the 
fact, which appeared from the curve on Fig. 7 
that for a wide pitch/chord ratio the same 
deflection was obtained at two values of fluid 
outlet angle? It was a pity, perhaps, that the 
original experimental points could not be 
given to help in enabling the reader to study 
the interpretation of the results himself. He 
was not quite clear whether some of the 
points given were experimental points or 
smooth points read off from curves. 

When referring to Zweifel values did the 
author mean, in effect, that the maximum 


in the bottom curve of Fig. 7 was not 
obtained by Zweifel? 

Did Mr. Howell think that the axial com- 
pressor followed by the axial flow turbine 
was the ultimate form of jet engine? 

What was Mr. Howell’s opinion on 
schemes in which compression was achieved 
by direct pressure instead of through the 
medium of blades? After all it was a great 
nuisance that the work had first to be trans- 
ferred from the gas to the turbine blade and 
then back again through another blade to the 
air. If it were possible to put the gas in direct 
contact with the air and make it compress it, 
it would be a great advantage. They could 
not do that unless they were put down the 
same channel one after the other, as in the 
Brown Boveri Comprex. 

Did Mr. Howell think there was any future 
at all in that principle, involving as it must, 
of course, intermittency of flow? 

E. S. Moult (The de Havilland Engine Co. 
Ltd., Assoc. Fellow): Although they had 
been treated to a feast of aerodynamics, he 
felt it was incumbent on someone to sound a 
mild note of warning. The aerodynamics of 
the working fluid were important and much 
more so with the gas turbine than in the past 
with the piston engine. Nevertheless, in 
deciding any policy regarding aircraft engine 
design, many other considerations had to be 
borne in mind. 

Fundamentally they were concerned with 
efficiency in the widest sense and that 
involved such factors as economy of manu- 
facture, reliability in service and ease of 
installation, as well as the more tangible 
attributes of thrust, weight and specific fuel 
consumption. 

The output from the gas turbine engine 
depended intimately on the efficiency of its 
main components, but the overall perform- 
ance was also influenced by the choice in 
operating temperatures and pressures. 

Figure A had been drawn as a generalised 
case for the turbo-jet engine and showed the 
effects of variations in pressure ratio and 
maximum cycle temperature on specific out- 
put (thrust per lb. of air per sec.) and specific 
fuel consumption. The curves assumed that 
the component efficiencies were held constant 
at the values quoted on the diagram. 

It was apparent that maximum thrust was 
obtained at a high temperature and a high 
pressure ratio. Minimum fuel consumption 
was obtained with a high pressure ratio and a 
low working temperature. This was because 
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a very hot exhaust represented a loss of 
energy and so a fall in overall efficiency. 

As with the piston engine, the rate of 
response to increasing compression ratio 
diminished at the higher values and might 
even become negative. Moreover, the full 
advantages of high pressure ratio became 
more elusive at the higher values where it 
was increasingly difficult to maintain high 
component efficiencies. 


He regretted that more had not been said 
on the comparison of axial and centrifugal 
types. Although the axial compressor had 
shown the best component efficiency, it had 
yet to establish those efficiencies in a full- 
scale engine and give fuel consumptions that 
were appreciably lower than those with the 
best centrifugal compressors. That was 
because the compressor efficiency could not 
be dissociated from the efficiency of the other 
components and much work remained to be 
done before the optimum was reached under 
all conditions of flight. 

The axial type of engine had shown itself, 
in practice, to be rather more critical in 
starting and in acceleration and this sensi- 
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tivity related to the operating range of the 
compressor. Despite the figures given in the 
paper, the centrifugal machine in practice had 
proved itself to be more accommodating in 
this sense and moreover was less vulnerable 
to damage and to ice accumulations. 

In his view both types of compressor would 
continue for some time to come and the 
importance of the installed efficiency would 
lead to developments in their design and 
manufacture. 


J. W. Railly (C. J. Parsons Ltd.): He had 
been disappointed that Mr. Howell had not 
mentioned the vortex flow theory in the paper 
because compressor designers went to a great 
deal of expense to twist blades, provide 
variable camber and variable twist, and had 
designed their blades from the standpoint of 
ideal flow through the blades and took no 
account of boundary layer trouble. Had Mr. 
Howell considered the possibility that the 
existing design of twisted blade was not 
successful inasmuch as—or rather that it was 
successful inasmuch as—the twist, instead of 
conforming to the outline of the ideal vortex 
flow theory, presented a better profile to the 
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actual flow in the compressor because of the 
boundary layer and hence was better, but not 
for the reason for which it had been designed. 
He thought they had to have a good deal of 
trial and error because the axis of the line of 
flow in a compressor was so much beyond 
comprehension at present. The best thing 
was to try a few shots in the dark. 

Would it be worth the consideration of the 
National Gas Turbine Establishment to 
adopt the use of higher stagger in blading to 
see if better efficiency and profiles could be 
obtained in that way? To his knowledge 
they had not yet tried a compressor with high 
stagger, yet most of the other countries had 
adopted high staggers and were getting 
phenomenal efficiency from them. 

Mr. Howell had shown two compressors, 
one with low axial velocity and the other with 
high axial velocity and he wondered if it 
would not be an advantage to employ a high 
stagger for a jet engine? It gave high r.p.m. 
and hence, a single line turbine and a low 
loading velocity. The only disadvantage was 
the low centrifugal stresses on the blades and 
he felt they might have something to gain in 
that direction. 


W. H. Lindsey (Armstrong Siddeley 
Motors Ltd., Assoc. Fellow): As Mr. Howell 
had pointed out there was an overwhelming 
choice of variables when designing an axial 
flow compressor, but the effect they seemed 
to have appeared to be negligible—for one 
thing they all had was a peak efficiency of 
87 per cent.!| That always struck him as 
being peculiar because there were all sorts of 
losses. They knew a lot about Cy, : they had 
worked for years on it; but they estimated 
Cy, and Cp, by knowing the efficiency had 
to be 87 per cent! He felt that if they were 
proposing to spend as much work on C), 
+Cp as he believed was going on at the 
moment on Cy, they might one day get a 
compressor with an efficiency of 90 per cent. 

One point which had not been brought out 
specifically in the paper was that they had 
a wealth of data on a particular type of 
aerofoil section. They had so much data on 
that particular type of aerofoil that they were 
not very sure that there was anything better. 
People had favoured aerofoils with maximum 
thickness at varying distances from the lead- 
ing edge and somewhere between 30 and 40 
per cent. seemed to be where it came to rest. 
But Mr. Howell believed that no definite 
advance could be made to diminish losses by 
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using different types of section and were they 
to believe that no mathematically developed 
section, in his opinion, would offer them a 
better solution to their problems than the 
standard aerofoils that were in use to-day? 


F. G. Evans (Bristol Aeroplane Co. Ltd., 
Fellow): The author had concentrated in the 
paper mainly on the compressor and the 
turbine portions of the whole engine, but he 
had also given an indication of the other 
aerodynamic problems and their influence on 
the design of these two major components. 
That order of approach had been essential in 
order to enable engines to be developed 
within a practical time. The results already 
achieved had justified the line followed. 

While it was recognised generally that 
much remained to be learned about com- 
pressors and turbines, the actual development 
of engines during recent years had reached 
the stage where more emphasis on research 
into the aerodynamics of the remainder of 
the engine was also required. Since early 
attempts with dispersed components—sep- 
arate compressors, turbines, and so on, 
connected by possibly awkward ducts—gave 
discouraging results because of the additional 
losses involved, these problems had been 
tackled to a large extent by careful layout, 
utilising such data as might be available and 
such testing as might be done on complete 
engines or major components. 

From the design point of view the difficulty 
lay chiefly in the inadequacy of the data 
available. For example, there was little 
systematic data on the effect of the flow 
pattern and turbulence, at the entry to 
diffusers, on the permissible rate of expansion 
and resulting losses and flow distribution. 
Since good aerodynamic performance was 
naturally more difficult to obtain and more 
critical in a rising than in a falling pressure 
gradient, and since a rising pressure gradient 
was indispensable in some parts of the engine, 
the designer was continually confronted with 
the shortage of data on such matters; and the 
resulting trials and errors involving complete 
engine layouts could be expensive in time and 
money. 

While, because of the practically infinite 
range of geometrical and aerodynamic com- 
binations possible, the problems involved 
were so complex that it was unlikely that it 
would ever be possible or practicable to pre- 
dict the optimum shapes and performances 
for all the cases that would be encountered, 
yet it was considered that a programme of 
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research on a par with those on compressors 
and turbines was most necessary. The 
results of such research would have many 
valuable engineering applications in addition 
to those to gas turbines. 

In the gas turbine field itself they might 
well have an influence on the design of 
engines for non-aeronautical purposes. In 
such engines it was often desired to disperse 
the major components and it was a question 
how far that was permissible from the per- 
formance aspect. It was done with steam 
turbines and it was usually assumed it could 
almost equally well be done with gas turbines. 
They might find that they had to get much 
closer to aeronautical practice. What were 
the lecturer’s views on that question? 

The lecturer had touched briefly on a 
work-done factor of .86, on which Professor 
Saunders had already commented. There 
had been some tests showing that it varied 
appreciably from stage to stage up to several 
stages. Had that work been carried farther 
and would the factor continue to fall off as 
the number of stages was increased? 

Reference had been made to inter-stage 
ducts in multi-stage centrifugal compressors; 
it did not always seem to be appreciated that 
if it were attempted to diffuse the air in the 
inward-flow part it was a fundamentally 
unstable operation and therefore the flow 
would have to be guided by vanes down to 
the middle. 

Was there any research on rotating entry 
vanes for centrifugal compressors, apart from 
the compressors themselves, similar to that 
on axial compressors? There seemed to be 
considerable scope for work on cascades and 
in vortex tunnels. 

He believed that some of the curves in the 
paper applied to the half height of the blade 
and he wondered what the influence of the 
root conditions might be, where gas-turning 
angles might be very much more difficult to 
accommodate? 

With axial compressors with pre-whirl and 
high stagger, was there any experimental 
evidence as to the shape of the efficiency 
curve, calculations having shown that it might 
be a very peaky curve? Was it different in 
practice, for it would make matching of a gas 
turbine much more critical? 

L. J. Cheshire (English Electric Co. Ltd.): 
Steam turbines had done very well for half a 
century almost without any aerodynamics at 
all, axial compressors on the other hand 
would not operate unless careful attention 
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were given to the subject. It was clear then 
that although fundamentals were the same, 
the functioning of the two elements was 
different and the nature of the difference was 
known. The natural desire of the experi- 
menter was to correlate all observations 
which were known to be dependent on the 
same laws. His first point was to suggest 
that this desire for co-ordination to some 
extent impaired the utility of Mr. Howell’s 
work. The designer wanted to know the 
conditions of the experiment. For example 
the compressors shown in Fig. 24 showed one 
design with no deceleration of axial velocity 
through it and another one with deceleration. 
The aerodynamic loading on the blading in 
those two cases was very different and could 
not be assessed from Mr. Howell’s curves 
unless the actual basis of the experimental 
data were known. Only if that were known 
could they take care of the differences in 
design which were required. 

Again, the designer had to take care of 
limit conditions, and any generalisation was 
always most doubtful for extreme conditions. 
Also the greater the number of new factors 
which were employed in order to correlate 
phenomena, the greater the doubt that the 
designer had in attempting to apply them. 
Therefore, would Mr. Howell give more of 
the actual experimental data in his future 
work? 

He appealed for more serious attention for 
the centrifugal compressor, which had been 
“killed” by Dr. Saunders earlier in the dis- 
cussion. He believed it was true that jet 
engines of the Whittle type had not been 
surpassed even now for economy, reliability 
or weight. That was true in spite of the fact 
that in respect of aerodynamics they were 
almost completely undeveloped. He knew 
this development was extremely difficult. A 
centrifugal compressor performance could 
not be predicted by a fixed cascade, and the 
difficulties were so great as to form a worthy 
subject for the National Gas Turbine Estab- 
lishment. He appealed to Mr. Howell to use 
what influence he had with his director. 

The last figure in the paper indicated 
80,000 h.p. gas turbines. Would Mr. Howell, 
and possibly the Chairman too, remember 
that when people in foreign countries, and 
often at home, read such figures and then 
came and asked when this 80,000 h.p. gas 
turbine would be ready, they thought efforts 
were not really being made when it was 
pointed out that it was much easier to scale 
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up with a slide-rule than it was with the 
materials generally used. 

A. B. Haines (Royal Aircraft Establish- 
ment): First he would like to make a few 
comments on behalf of Mr. H. B. Squire who 
was unable to attend. Mr. Squire would like 
to know, with regard to the calculation of 
secondary losses covered by the drag coeffi- 
cient Cp, , had Mr. Howell studied Karman’s 
and Tsien’s “Aerofoil theory in a non- 
uniform stream,” which was applied to 
cascades by Winter in R.A.E. Report No. 
Aero. 2217? 

It was not possible to construct the vortex 
system shown in Fig. 11 except by a valid 
mathematical analysis, such as developed in 
those two papers. The physical concept of 
the trailing vortex was liable to be misleading 
as the vortices really were present in the main 
stream, if the approach velocity distribution 
were far from uniform. 

Mr. Howeli’s remarks about the magnitude 
of the secondary losses implied that the 
velocity distribution in a multi-stage com- 
pressor settled down to a final state after one 
or two stages. The distribution was probably 
very different from that assumed for the per- 
formance calculations. Could Mr. Howell 
tell them why, in spite of that, the calcula- 
tions gave good agreement with experiment? 

For himself, he would like to know about 
secondary losses and their relation to blade 
height. Was tip clearance appreciable or was 
it now so small as to be fairly negligible? 

He would like to reinforce what Mr. 
Lindsey said about the best aerofoil section, 
especially in relation to such variables as the 
position of maximum camber and maxi- 
mum thickness, particularly nowadays when 
Operation at higher Mach numbers than 
before was considered. It seemed to him 
that it must be a compromise between maxi- 
mum efficiency at the design point and 
obtaining high efficiency over as wide a range 
as possible. Sections could be designed 
mathematically to satisfy the first condition 
but it would require careful experimental 
checking to see that such sections were satis- 
factory from the second aspect. 

H. Constant (National Gas Turbine 
Establishment, Fellow): He thought the 
lecturer had set out to show just one feature 
of the aerodynamics of the gas turbine, as it 
was obviously impossible for him in the time 
to deal with the subject really thoroughly. 
If they started from the results obtained in 
a wind tunnel on a cascade of blades, either 


turbine or compressor, by means of com- 
paratively simple theory a performance could 
be deduced for a compressor or a turbine 
which agreed fairly closely with what could, 
in fact, be observed. That argument was 
based on the performance and calculations at 
a single radius of the blading, and the lecturer 
hardly dealt with the much more complicated 
questions which arose when the secondary 
effects at the tip and root of the blades were 
studied, and the effects of three-dimensional 
flow. Most of the speakers had shown a 
much greater interest in the points with which 
the lecturer had not dealt. They were more 
interested in the secondary flows, and he had 
to admit he was more interested in them 
himself because he felt it was the secondary 
flows which were the key to both compressor 
and turbine design. 

A number of speakers had asked what the 
chances were of getting improvement by a 
change of section, but he believed it would 
be found that the improvements likely to be 
achieved did not depend on the section so 
much as on the way in which they dealt with 
the tip clearances, the secondary flows and 
the three-dimensional effects. So far the 
lecturer and the people who had followed 
him were in different worlds and he was 
hoping that when the lecturer replied to the 
discussion those two worlds would really 
come to grips and they would see something 
interesting. 

The Chairman (Dr. Roxbee Cox): So far 
in the discussion the thing which had struck 
him most was the cri de ceur from Mr. 
Cheshire. He would say to him that while 
he might regard “Doctor” Howell as essen- 
tially an axial doctor there were also 
centrifugal doctors in the National Gas 
Turbine Establishment and the centrifugal 
compressor was not being forgotten. He felt 
Mr. Cheshire deserved that reassurance. 


MR. HOWELL’S REPLY 


Many of the speakers had asked questions 
about the three-dimensional or secondary 
flow conditions in compressors and turbines, 
and about the possibilities of reducing the 
losses caused by such conditions. He pro- 
posed to deal with these questions first before 
giving his replies individually to the speakers. 

With the somewhat simplified methods of 
his lecture, the performance of a compressor 
or turbine stage was taken to correspond to 
that of the cascade at mid-blade height or 
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mean diameter, together with a loss allowance 
for the friction drag Cp, on the walls of the 
flow annulus. In addition, another allowance 
was made for the losses caused by three- 
dimensional flow effects and this was done 
empirically by means of the secondary drag 
coefficient C,, . 


The secondary losses usually accounted for 
four to six per cent. of the stage efficiencies, 
and even if they could only be halved, the 
improvement obtained would be valuable. 
Many people concerned with gas turbine 
aerodynamics had given considerable thought 
to this problem, but up to the moment the 
modifications tried did not seem to make 
much difference to the overall result, which 
tended to indicate stage efficiencies of 87 per 
cent. for aircraft engines and stage efficiencies 
some two or three per cent. higher for plant 
applications. The average present-day com- 
pressor or turbine was designed for twisted 
blades to give more or less equal work done 
along the blade height under ideal flow con- 
ditions, and these forms of blading did give 
stage efficiencies two to four per cent. better 
than would be obtained from untwisted 
blades, the improvement depending on the 
ratio of the blade height to the mean dia- 
meter. It was the next step of trying to design 
for the actual instead of the ideal three- 
dimensional flows that was the difficulty; 
although when these actual flow conditions 
were better understood, one day, then further 
improvements of two to three per cent. might 
be expected. 


Although considerations of secondary flow 
were most important, there were also other 
aerodynamic factors which affected the effi- 
ciency of the complete plant, such as the three 
to four per cent. reduction in efficiency due 
to the high operating Mach numbers of air- 
craft compressors, and the even greater drops 
in component efficiency that could occur 
when the compressor and turbine components 
were not properly matched so that they were 
not operating at their best efficiencies. These 
two factors tended to put the emphasis on 
blade form and on stage and overall charac- 
teristics rather than on secondary flow. 


Professor Saunders: He agreed that more 
experimental analysis was needed of the flow 
through axial flow compressors and that there 
were many problems still outstanding; never- 
theless it was possible even with present 
methods to design good and efficient com- 
pressors. Designing for general vortex flow 
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was still important and the change in outlook 
that had occurred was along the lines that 
there were now many forms of vortex flow 
which gave equally satisfactory results to 
those obtained from considerations of the 
more special free vortex type. 

With regard to the three-dimensional flows 
of Fig. 11, the effect of shrouding the blades 
would be to give a leakage flow which altered 
the form of the secondary flow C into one 
perpendicular to that shown in the figure. As 
far as he was aware there was not much to 
choose between tip clearance and shrouding. 
The work-done factor in multi-stage com- 
pressors was necessary because of the build 
up of boundary layer along the annulus walls, 
which, in conjunction with tip clearance, 
tended to reduce the work done towards the 
tips and roots of the blades. Further, with the 
bigger boundary layers the axial velocities at 
the middle of the blades were increased com- 
pared with the mean axial velocities and this 
involved a reduction in work done in axial 
compressors. Similar increases of axial 
velocities for turbines would result in 
increased work done at the middle of the 
blades, which would compensate for any 
reductions at the tips and roots and so tur- 
bines would not require work-done factors— 
which was very nice for turbine designers! 
The work-done factor was, of course, very 
much bound up with secondary flows. 

The curves of Fig. 7 were empirical ones 
and were given because they covered greater 
ranges of outlet angles and deflections than 
any experimental curves they had. At large 
pitch/chord ratios a given lift coefficient gave 
mathematically the same deflection for two 
fluid outlet angles and this fact explained the 
form of the curve at the pitch/chord 
of 1.5 in Fig. 7. Although he had done 
some theoretical calculations on pressure 


exchangers such as the Brown Boveri Con- | 


prex he had no information on how well 
they were likely to work in practice. His 
personal view was that they would be more 
useful for plant applications than for aircraft 
engines. 

E. S. Moult: Better overall fuel consump- 
tion figures were obtained at lower tempera- 
tures than those now in use, as was shown 
in the curve which Mr. Moult produced, but 
his guess was that temperatures would still 
continue to rise to give even more thrust 
for a given engine weight and that improve- 
ments in overall efficiencies would be 
obtained from higher pressure ratios and 
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more efficient aerodynamic component 
designs. With regard to icing of gas turbines, 
he thought that if they had to de-ice there 
was not much to choose between centrifugal 
and axial compressor types; although if there 
were no de-icing then the centrifugal was 
more likely to accept large lumps of ice 
through it without damage than was the axial 
compressor. 

J. W. Railly: Present-day blades were 
designed according to ideal flow conditions 
and no account was taken of the boundary 
layer trouble and its resulting secondary flow; 
nevertheless good efficiencies were obtained 
and it might well be that such blades, as Mr. 
Railly suggested, would perhaps be the best 
even when more was known about the effects 
of the wall boundary layers. However, he 
still hoped that better knowledge would give 
them some further improvements in effi- 
ciency. With regard to stagger angle, he 
thought that medium staggers tended to give 
the best stage efficiencies, but that the change 
of efficiency with fluid outlet angle or 
stagger angle was quite small and that the 
choice of angles depended on other consider- 
ations. High staggers could be used for 
aircraft compressors, but he considered that 
high axial velocities were desirable at inlet 
to axial compressors in order to have low 
frontal areas. 

W. H. Lindsey: He sympathised with Mr. 
Lindsey’s statement on axial compressors, 
that even with the overwhelming choice of 
variables in design, they all seemed to give 
about the same peak efficiencies of 87 per 
cent. This was because designers nowadays 
were careful about what lift coefficients and 
deflections they used, or in other words 
axial compressors were “aerodynamically” 
designed; in the past, when there was 
little aerodynamic information available, 
a designer was never certain whether his 
compressor was going to be 60 per cent. or 
90 per cent. efficient! 

On the form of blade section to be used 
for compressors, most people tended to prefer 
a normal looking aerofoil with its maximum 
thickness between 30 per cent. and 40 per 
cent. chord, and he thought there was little 
to better it for all-round performance. High 
Speed sections with maximum thickness at 
50 per cent. chord had been tried, but though 
they worked well at one incidence they were 
not so good when operating at other than 
design incidences. At very high Mach 
numbers, high speed sections would neverthe- 
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less probably have to be used instead of the 
more normal sections. In the future, 
mathematically developed sections might be 
evolved to give somewhat better results than 
present-day ones. On turbines he felt there 
was a big field for better blade forms. 

F. G. Evans: Although the emphasis on 
research up to the present had been placed on 
the compressor and turbine blading, he 
agreed that aerodynamic investigations were 
now required for the remainder of the 
engine, particularly with reference to ducting 
problems. In steam turbine installations the 
major components tended to be dispersed, but 
he felt that plant gas turbines would tend to 
come nearer to aeronautical practice and be 
more compact. 

The work-done factor did seem to vary 
through the compressor, being near unity at 
the first stage where the flow conditions were 
good, and then decreasing to its more normal 
value in a few stages. The value of 0.86 
given in the lecture was a mean value for 8 
to 12 stage compressors and it would not fall 
off much for greater numbers of stages. He 
thought there was a little scope for cascade 
and vortex tunnel work on the rotating entry 
vanes for centrifugal compressors, although 
care would have to be taken to see that some 
device was used after the tunnel vanes to 
simulate the immediate downstream con- 
ditions that would occur in the actual 
impeller. The basis of the curves in the 
lecture was that they were taken to apply to 
the mid-blade height or mean diameter, when 
used for estimating stage and overall per- 
formances. 

L. J. Cheshire: He appreciated the point 
regarding the danger of placing too much 
emphasis on correlation of results and not 
giving enough actual experimental data. Any 
test results which one had would normally 
cover only a very small proportion of the 
many possibilities, and he had found that 
correlation methods did help to extend 
greatly one’s knowledge of those conditions 
where there was little test information. The 
trouble with centrifugal compressors was that 
it was difficult to see what modifications in 
design were likely to give improvements on 
the best present-day performances. During 
the centrifugal compressor’s long develop- 
ment and extensive use, most of the possible 
modifications had already been tried out at 
one time or the other, and he thought that 
after a similar development the axial com- 
pressors ultimately would still tend to be the 
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better general type—although again, there 
would be some special cases where the centri- 
fugal type would be preferred. 

A. B. Haines: Mr. Squire had asked if they 
had studied Kaérman’s and Tsien’s “Lifting- 
line theory for a wing in non-uniform flow’* 
with regard to the calculation of secondary 
losses; they had given thought to the methods 
but they had not seriously attempted to use 
them on their problems. They were aware of 
Winter’s application of the method at the 
R.A.E. to cascades of wind tunnel corner 
vanes. The results that were obtained seemed 
to indicate that the secondary losses for a 
given cascade varied inversely as the square 
of the aspect ratio-—that was a cascade with 
an aspect ratio of one would have nine times 
the secondary losses of one with an aspect 
ratio of three. Their information on multi- 
stage compressors and turbines suggested that 


* Quarterly of Applied Mathematics, Vol. III, 
April 1945. 


No. 1. 


the effect of aspect ratio was very much 
smaller, and that in fact a change of ratio 
from three to one in axial compressors would 
probably only increase the secondary losses 
50 to 100 per cent. He had not satisfactorily 
accounted for this apparently big difference 
between theory and test. He had previously 
dealt with most of the queries raised by Mr. 
Haines on secondary flow and on types of 
aerofoil sections. 

H. Constant: Mr. Constant had aptly sum- 
med up the feeling of the discussion and had 
emphasised the interest in secondary flows. 
He hoped that the replies he had already 
given dealt with most of the points raised in 
the discussion. 

Although the discussion had brought out 
the many unknowns of gas turbine aero- 
dynamics, nevertheless he considered there 
was sufficient information available even now 
on the subject to enable a great variety of 
good compressors and turbines to be 
designed. 
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THERE are various possible interpretations 
of the title of this lecture and because of 
this and the fact that I have not had complete 
responsibility for the design of any one aero- 
plane, I regarded this lecture and title with 
some diffidence at first. Nevertheless in 
recent years no lecture has dealt with the 
general problem of how an aeroplane design 
progresses stage by stage, from the first ideas 
to the prototype flight trials and I have tried 
to make that the basis of my lecture. There 
are two other quite legitimate interpretations 
of the titke—a lecture dealing with the 
evolution of the design of a particular aero- 
plane or series of aeroplanes, or one dealing 
with the design of a fictitious aeroplane to 
meet a specification. The first has been dealt 
with recently by 
*(1) J. Smith, in this country, 
+ (2) C. L. Johnson, in America, 

and the second would, I feel, merely become 
a form of advertisement without serving any 
more useful purpose than being a more or 
less model answer to Section C of the 
Society’s examination. I have used a modi- 
fied form of the second type later in the 
lecture to illustrate possible pitfalls and their 
prevention. 


* Development of the Spitfire and Seafire, J. Smith, 
C.B.E., F.R.Ae.S., A.M.I.A.E. Journal of the 
Royal Aeronautical Society, Vol. 51, No. 436. 

+ Development of the Lockheed P-80A Jet Fighter 
Aeroplane, Clarence L. Johnson. Journal of the 
Aeronautical Sciences, p. 659, Vol. 14, No. 12, 
December 1947. 


PART I. INTRODUCTION. 


The aeroplane is an extremely complicated 
piece of engineering and is daily growing 
more complex. However much we simplify 
a part, a new requirement comes along need- 
ing some other part to be more complicated. 
Thus the evolution of an aeroplane design is 
a long and tricky business in which there are 
many pitfalls and possibilities of error and in 
which compromise is constantly required in 
finishing any one part of the design. Because 
of the complication, because of the necessary 
compromises, and because of the wide choice 
of initial shapes and methods, aeroplane 
design is still an art rather than a science and 
is, I feel, likely to remain so, although a 
good deal more sound engineering common 
sense is still required in certain sections of the 
Industry throughout the world. 

The design of an aeroplane might be 
likened to the creation of a picture from a 
jigsaw puzzle, with the added difficulties that 
there is no replica of the final result on the 
outside of the puzzle box and that frequently 
individual pieces of the puzzle change shape 
while waiting to be fitted into the picture. 
The only guide to the completion of the 
picture is, first of all, a rough one given by 
the tender and the specification and a 
generalised procedure, varying from firm to 
firm but built up on past experience, which 
gives the order in which the picture develops. 
A possible scheme of this type is shown in 
Fig. 1. 
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Stage 


1 
Development of 
design 


2 
Specification stage 


Mock-up 


Main design work 


5 
Prototype 
completion 


Design 


Investigation of 
requirements. 
Preparation of 
tender. 


Specification ac- 
cepted. Lines 
being developed. 
W.T. work, etc. 
starting. 


Completion of 
lines. Investiga- 
tion of structure, 
layout, etc. 


Wind tunnel 
tests. Main struc- 
tural details. 


Drawings to be 
completed. Detail 
requirements 


Section of Firm 


Experimental 


Discussions on 
mock-up, 
methods of 
manufacture. 


Manufacture of 
mock-up. Start 
on jigs. 


Jigs completed. 
Main structure 
started. 


Functional mock- 
ups. Prepara- 
tion of test 


Production 


Discussions on 
production jigs, 
materials, etc. 


Continuance of 4. 
Study of experi- 
mental shop 


agreed. Comple- 
tion of stressing. 


specimens. Com- methods. 
pletion of build- 
ing. Tests prior 


to flight. 


Fig. 1. 


Evolution of the design of an aeroplane. 


THE START OF A DESIGN. 


It is rarely easy to say when exactly a 
design started or what caused it to start. The 
most likely way is that someone in the firm 
has an idea and from it rough sketches are 
made and the beginnings of a design emerge. 
This idea may be brought into being in a 
number of ways, the first and best probably 
being that in which it is stimulated by the 
instinctive feeling that such a design is needed 
to fulfil a certain purpose. This feeling is 
often stimulated by the formulation by an 
interested body of very broad requirements. 
The exact opposite to this is when a firm is 
presented with a rigid specification prepared 
by an outside body and giving little overall 
freedom of design. Obviously there can be 
any number of possible variants between 
these two extremes. I firmly believe that the 
best designs come about in a manner most 
closely approximating to the first type: the 
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Stages in development. 


resultant aeroplane has been called a private 
venture or P.V. type and for speed of design 
and excellence of type very few other 
machines have equalled the P.V. types of 
recent years. 

With increasing costs and decreasing 
markets, most firms nowadays require some- 
one to pay for a prototype and in whichever 
way the design starts, a tender and specifica- 
tion have sooner or later got to be prepared 
and in consequence, the stages leading to this 
must be studied. 


STAGE 1. THE DEVELOPMENT OF 
THE DESIGN. 


When either Air Staff or an operating 
corporation require a new aeroplane, the 
respective branches in the Ministry of Supply 
issue to selected firms a statement giving the 
main requirements of the new type, such 
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requirements being chiefly connected with 
speed, range, disposable load, and so on, and 
from this the Project Branch of the firm can 
start investigating varying designs, the best 
of which will eventually be submitted as a 
tender. A typical preliminary requirement 
might be as set out in Appendix I and the 
initial rough stages in the project office are 
exemplified by the sketch designs in Fig. 2. 

During the preparation of the tender, a 
considerable amount of initial investigation 
and project work is done by the firm and this 
can often be used later if the order is placed 
with them. The tender represents in some 
cases thousands of hours of work and needs 
drawings and layouts of most of the main 
sections of the aircraft. 

The preparation of the tender involves 
stages which are the kernel of the whole 
design and decisions taken on them can 
certainly make or mar the whole design. 
They include such matters as aeroplane 
shape, wing loading and high lift devices, and 
most important of all, the choice of a power 
plant and the estimate of the all-up weight. 

Apart from the sound structural work and 
efficient detail design which are necessary 
during the whole period of the work, these 
four items are the most important in the 
evolution of the design and by their very 
nature must be decided in the early stages. 

The shape of the aeroplane allows the 
designer to show to the full his individuality 
and the looks of the aeroplane are determined 
at this stage, for once general lines are 
decided they are rarely altered, except in 
detail. It is not always realised how much 
responsibility rests on the designer at this 
stage. The full requirements are not known, 
the ultimate objectives are somewhat dim, 
but the designer must use his experience and 
instinct to produce something which will still 
be the best possible shape for the ultimate 
duties of the aeroplane. It is sometimes said 
that at this stage an effective crystal gazer 
would often be of great use. 

Coupled closely with the overall shape is 
the wing plan form, the decision to have 
small wing areas and extensive flaps, or large 
areas and simple flaps, and so on, and in 
this the design is to some extent influenced 
by what the shops can do and what materials 
are available and, by the selling cost required. 

Next comes the choice of power plant. 
This was a difficult enough matter when there 
was only the piston engine. Now with jets, 
Propeller turbines, reciprocating types and 


Fig. 2. 


compounds, the choice is a matter needing 
great forethought and skill. 

The successful choice of a power plant can 
only be made after a detailed study of the 
offers made by various engine manufacturers 
in relation to the duties of the aeroplane. In 
the past there has often been a tendency to 
take too much for granted in an engine 
maker’s statements and delays and unsatis- 
factory aeroplane types have resulted. 
Whether or not this could be overcome by 
having in the firm’s project branch an 
engineer specially trained to deal with 
propulsion problems, or whether general 
training of all design engineers in the prin- 
ciples of the subject is the better way, I will 
discuss later. The designer is to a great 
extent in the hands of the engine man with 
respect to engine weights, powers, specific 
consumption and so on, and the desire to 
believe what are obviously optimistic values 
is a hard one to fight down, especially as they 
all tend to make the aerovlane seem better 
than ultimately it will be. The best designs 
are those in which the designer has guessed 
right as to the best future power plant and has 
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tempered the optimism of the engine firm 
with more conservative estimates. 

The over-optimism of the engine people 
on the future of propeller turbine units, in 
particular their very optimistic claims relating 
to the time to develop new engines, has led to 
a difficult situation in this country with regard 
to new civil types. Greater faith in the piston 
engine by designers might have given a very 
different answer to the operators’ problems. 

The accurate estimation of the all-up 
weight is the most fundamental problem 
before the designer in the project stage. Bad 
weight estimation will, in the limit, destroy 
any chance of success the aeroplane might 
have. It can render it unable to perform the 
duties for which it is designed, so reduce the 
payload that no company will overate it, and 
so on and so on. In the past, insufficient 
attention was often paid to this and fantastic 
estimates were often submitted with tenders, 
so much so that in some quarters there is 
still a saying that the aeroplane goes into 
service 20 per cent. heavier than the tender 
estimate. This is not entirely the manu- 
facturer’s fault; equipment changes and goes 
up in weight, and power plants increase in 
weight; nevertheless accurate weight esti- 
mates of structure and installations are 
required early on and to ensure that they are 
adhered to, close control is needed. A strong 
weight section, with plenty of data and in 
close touch with the project section, can 
produce a much more realistic estimate 
than was often used in the past and with 
effective weight control in addition, the wide 
divergence in weight between tender and 
prototype should disappear. 

The completed tender is then submitted, 
and represents an important stage in the 
evolution of the aeroplane. To take a simile 
from another tyne of evolution, the chicken 
might be said to be starting to chip open the 


egg. 


STAGE 2. 


At this stage, the committees get to work 
and it is difficult, as one closely connected 
with design, to speak objectively on the 
matter. Neither works of art nor works of 
engineering can be produced by committees. 
They are undoubtedly necessary in small 
quantities and at long intervals in the design 
to ensure (a) that the contractor is provided 
with a firm contractual document, (b) that 
he has all the help (technical and otherwise) 
which he needs to get on with the design, and 
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(c) to check at the end that the final design 
bears some close relationship to the specifi- 
cation. 

This, however, is digressing somewhat and 
is caused by the next stage in the evolution: 
that of a meeting which might be called the 
tender acceptance committee. This body, 
composed of Ministry of Supply and _ user 
representatives, decides which tender is the 
best—normally without any representatives 
of the design firm present—and what changes 
can be asked for or inflicted on the designer. 

The next stage therefore is that the 
prospective purchaser and the designer get 
together and hold a bargaining match. The 
purchaser to see how much extra he can get, 
the designer to stand firm by his existing 
tender which, after all, represents his best 
ideas on the subject. However, the designer’s 
firm probably needs the order and against 
his better judgment he may be forced to 
accept alterations or amendments which in 
his opinion do not improve the design. On 
the basis of this latter meeting, a full specifi- 
cation can be prepared and this represents 
the contractual requirements of the design 
and in most cases is a never-ending source of 
argument from then on. 

While these committees have been discuss- 
ing the matter and R.A.E. and Ministry of 
Supply officials have been vetting the design, 
the firm has not been idle, particularly if it 
has been given advance information regard- 
ing the award to it of the contract. The 
aerodynamics branch of the firm is checking 
the data used in the tender, estimating control 
areas, balance percentages, and so on, and 
preparing a programme of the necessary wind 
tunnel tests. The project office or drawing 
office are continuing their work, making more 
detailed layouts of cockpits and so on, 
scheming engine installations and_ other 
details needed for the wind tunnel tests; and 
the design section of the stress office is 
scheming out the most efficient types of 
structure and disposition of load-carrying 
members. 

If this work is delayed, because of time 
wasted by committees, or the firm being 
given no advance information, it represents 
a very genuine delay in the overall time to 
produce the type. The reason is partly 
psychological, partly practical, and is caused 
by the fact that staff taken off an aeroplane 
design and then started again, have to regain 
interest, to try and pick up the threads where 
they left them and to resist the temptation 
to redesign the whole aeroplane in accordance 
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with a new set of ideas. This last is fatal 
and results in a half-and-half approach, par- 
ticularly if it is combined with attempts to 
satisfy too many of the points raised by the 
meeting on the specification. 


STAGE 3. MOCK-UP. 


Assuming that all is going well, an 
important stage in the design evolution is now 
taking place. This is the construction in the 
experimental shop of a more or less elaborate 
full-scale model of the aircraft, called a 
mock-up. ‘This is prepared to the drawings 
and instructions of the design group engaged 
on the preparation of lines, cockpit layout 
and so on, and is used to give the firm’s 
personnel-—and the customer and his agents 
—a better idea than they can get from a 
tender. It is used to position seats, controls. 
instrument panels, and such things, in the 
early stages and, depending on its expenses 
and elaborateness it may, in the case of a civil 
aeroplane, include all the final equipment and 
furnishings. It develops and is kept up-to- 
date during the progress of the design and it 
is important to keep a close link and careful 
control to ensure that design changes are 
incorporated in the mock-up and vice versa. 
The more elaborate the nature of the aero- 
plane, the more important is it to have a good 
mock-up incorporating all the equipment lay- 
out, as without this help the design staff and 
the shops would find the task of piecing the 
aeroplane together much more difficult. 

After some weeks or months of prepara- 
tion, depending on its size, an important 
conference is held which, if properly handled, 
can be most useful. This is the mock-up 
conference and is the stage at which the 
chicken might be said to have discarded the 
protection of the egg shell (in this case the 
general arrangement and layout drawings of 
the tender) and come out into the light of day. 
At this conference the representatives of the 
user, the supervising authority, or authorities, 
and the firm, get together and attempt to 
reach agreement on all the  installational 
problems shown by the mock-up. The 
success or otherwise of the conference 
depends on how far agreement is obtained 
and this is not easy when 30 to 60 persons, 
all with their own pet theories, are each and 
everyone trying to get his own way. To be 
successful mock-up conferences must be held 
with the minimum of people all sufficiently 
senior to make decisions on the spot which 
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will be upheld by the bodies they represent. 
The mock-up conference over, the firm bring 
the mock-up into line and for a period there 
is a welcome freedom from conferences and 
so on. 


STAGE 4. INITIAL DESIGN WORK. 


While the mock-up has been going ahead, 
the other sections of the design staff have not 
been idle. 

The wind tunnel tests are being made to 
check that the main aerodynamic features of 
the design are satisfactory and the problem of 
how many tests, how much to believe and how 
far to alter the aeroplane to meet these tests, 
is a big problem for the designer. Wind tunnel 
tests are a fundamental necessity and no 
design should be allowed to go ahead without 
them; but, and this is not always realised 
outside a design staff, they take time and if 
the design is held up until the wind tunnel 
answers are available, considerable delay may 
ensue. Further, because of scale effect, 
inability to reproduce manufacturing in- 
accuracies on a small scale and (as the model 
is rigid) inability to reproduce distortion, the 
results are always suspect to some degree and 
have to be interpreted. Here the experience 
of the designer and his aerodynamics staff are 
necessary to guide the critical decisions of 
how far to trust their own ideas and how far 
to trust the wind tunnel: their judgment in 
this matter has a great bearing on the success- 
ful flying qualities of the aircraft. 

During this period also, the designer is 
getting, with or without his seeking, general 
advice on his aerodynamic problems from the 
various research establishments. This is 
generally very helpful and no designer will 
neglect it, but it is sometimes forgotten by 
those in these establishments that the respon- 
sibility for the design is the designer’s and 
that any opinions they may offer should be 
guided by the realisation that somebody else 
has to do the job and that the designer will 
be blamed if the result is unsatisfactory. 

The structures section of the firm, having 
received preliminary loading data, is pro- 
ceeding with the estimation of loads, the 
choice of the most economical structures to 
take these loads and the preparation of pre- 
liminary sizes and loads to enable the drawing 
office to make a start on the detailed design 
of the major structure. The structure weight 
estimates are checked, stage by stage, with 
the development of the structure and the 
loads to ensure that proper weight control 
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is achieved. The weight section is also keep- 
ing a close watch on the mock-up to ensure 
that only equipment called for in the 
specification is being included and notifying 
the designer when any departure from this is 
noted. From this stage on, no move either 
in the structure, the detail design, or the 
mock-up should be made without the weight 
section knowing of it and checking its overall 
effect on the aeroplane. 

The drawing office at the same time is 
going ahead with the overall lines of the 
aeroplane, usually nowadays by lofting 
methods, and getting from these lines the 
necessary dimensions to enable the more 
detailed parts to be drawn. Discussions are 
held with the experimental shop to decide on 
the best order for the issue of manufacturing 
drawings. Good co-operation here between 
experimental shop and design department can 
eliminate many delays at a later stage and if 
a timetable be prepared, giving the stages at 
which information is required, this can be 
used as a check throughout the design to 
decide which drawings should be accelerated 
and.so on. Here, however, there can often be 
a conflict of ideas. The shops want to make 
a good show and as a result like an early 
issue of units which are easily completed, 
such as tailplanes. These are the very units 
which the designer wants to hold up as they 
are the most in doubt while the wind tunnel 
tests are incomplete. These arguments can 
usually be ironed out and the shops 
encouraged to go ahead with the major 
structure and with the parts of the aeroplane 
which will contain most equipment, i.e. the 
structure round the cockpit should be built 
long before the rear fuselage, as a great deal 
of installation work is required on it. 

Also, now that the design is taking shape, 
discussions take place with the production 
side of the firm to decide on methods of 
manufacture, size of units, amount of tooling 
and a host of similar matters. Here again, 
compromises and co-operation are highly 
desirable if the ultimate successful production 
aeroplane is to result. The designer would 
like everything new; materials, methods and 
so on, and the works would like to use all 
the parts they had used on the last aeroplane, 
although they might be strung together in a 
different way. The problems are often thorny 
ones and the chief designer has considerable 
responsibility as he is the final arbiter as to 
which type of construction is to be used and 
this may involve his firm in considerable 
‘changes of workshop methods and plant. 
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By this stage, which may be three months, 
six months or twelve months from the sub- 
mission of the tender, the general outline of 
the evolution is taking firm shape and it is 
convenient here to summarise the progress: 


Project work: Complete. 

Aerodynamic studies: Proceeding.  Pre- 
liminary results available. 

Mock-up : Mock-up conference over. 
Recommendations of conference being 
incorporated. 

Drawing office: Lines complete. Issue of 
basic structural drawings to shops. 

Experimental shop: Jigs being made and 
prepared from mould loft 
ines. 


STAGE 5. 


The next period is one where continual 
supervision is needed over both design offices 
and experimental shop if time is not to be 
wasted. The first enthusiasm is waning, 
nothing seems to be happening and_ unless 
considerable drive is given to the whole 
organisation the whole programme will get 
out of gear and considerable delay will result. 

The first stage to prevent this is to prepare 
a chart showing the order of issue of drawings 
to the shops against a set of dates and to 
ensure by constant supervision that this is 
kept to, even when stressing problems may 
get difficult, the equipment will not go into 
the space provided and so on. 

The second stage is to see that the experi- 


mental shop has a similar set of dates to } 


work to and to make sure that delays, such 
as in material supply and alterations to draw- 
ings, are not used as excuses to fall away 
from this timetable. As it is the nature of 
man generally to make excuses and to blame 
others, this period is one where the designer, 
in addition to ensuring the highest quality of 
design and drawings, has to act as slave- 


driver, mediator, and detective in turn or all | 


at once, to separate sections and his skill in 
these directions, although not improving the 
actual design of the aeroplane, goes far to 
cut down the time of manufacture. 

The design is now proceeding steadily, the 
main structure should all be issued and things 
are beginning to take shave in the shops. 
Other mock-ups are also being made. These 
are functional mock-ups and represent parts 
of the aeroplane which the designer wishes to 
check before incorporating them in the aero- 
plane. They include fuel systems, new forms 
of flap operation. the pressurising equipment 
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if fitted and other matters of a similar nature. 
These mock-ups are expensive and can take 
up a great deal of valuable time, both in the 
drawing office and experimental shop. Their 
justification is that they are said to cut down 
troubles in the development flight trials and 
to improve maintenance: when this claim can 
be substantiated then they can be very use- 
ful, but if proceeded with, then the best brains 
of the design section should be employed 
on them to ensure that maximum value is 
obtained. 

Closely akin to these functional mock-ups, 
which must in most cases be made from 
actual parts of the aircraft, are the strength 
test specimens. These are decided on, bear- 
ing in mind the duties of the aircraft, the 
departures from conventional structures and 
similar matters. Nowadays it seems as if 
only a test on the complete aircraft will 
satisfy everybody. 

Passing quickly now from this period to 
the stage at which the various parts are 
assembled together, we reach the final hectic 
period in the evolution. Equipment is all 
coming along at the last minute, the systems 
have to be checked, the retractable under- 
carriage tested, the wing stiffness measured, 
vibration characteristics determined and a 
thousand and one other things all seem to be 
conspiring to prevent the first flight. 

At last the whole matter is complete and 
the new design takes the air. The period 
which then starts is a most interesting, but 
most harassing period, but it is not within 
the limits of this lecture and here we must 
leave the evolution of the design. 


PART II. PITFALLS. 


Before leaving the subject completely, two 
matters, I think, can be discussed usefully. 
First, the type of pitfalls which can occur in 
a design and second, how they may be 
avoided. To give some body to this, I have 
taken the requirements set out in Appendix IT 
and considered a design which sets out to 
meet them. Both the requirements and the 
design have purposely been left vague, only 
the high-lights being emphasised. As 
explained at the beginning, I did not consider 
that merely producing the complete design 
was the correct approach to this lecture. 

The specification chosen could be looked 
on as a possible DC-3 replacement and there- 
fore has to compete in a hard market which 
requires low maintenance costs, low operating 
costs and reasonably long life. 


Figs 


In the project stage, the designer has the 
alternative of high or low wing, elaborate 
flaps and high wing loading, or simple flaps 
and low wing loading. He can have a short, 
fat fuselage or a long narrow one and finally, 
for power plants, he can have reciprocating 
engines, propeller turbine or pure jet types. 
In consequence, a number of project investi- 
gations must be made. On the weight side, 
the high and low wing arrangements must be 
studied from the undercarriage weight angle, 
bearing in mind always passenger con- 
venience. With the flaps, cost of manu- 
facture, time to develop and freedom from 
maintenance troubles, are all important 
parameters. Good detail design and an 
efficient structure are essential requirements 
to ensure a good payload and lack of main- 
tenance problems. 

The overating altitude specified makes the 
choice of power plants a difficult one and the 
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block speed requirement militates against the 
use of the turbine types, unless very fine 
overall aerodynamic efficiencies and fuel con- 
sumptions are provided. 

To make things interesting, we will assume 
that the project office calculations finally 
show that a high wing monoplane with two 
propeller turbine engines, high lift flaps and a 
wing of sandwich type construction make the 
best answer to the specification, as shown in 
Fig. 3. Thus are the pitfalls easily provided 
and very careful design work will be neces- 
sary. 

The first to guard against is that the change 
in trim with flaps and the influence of tail- 
plane position in relation to the wing, will 
not lead to an abnormal position or size of 
tailplane. This requires considerable wind 
tunnel testing under all possible conditions of 
flight, engine on, flaps up or down, and so 
on, and the design cannot proceed far until 
the results of these tests are available. The 
tests should be done at the highest possible 
Reynolds number, got preferably by using 
the largest possible model to enable flap 
contours, gaps and other such items to be 
accurately represented and to enable fillet 
lines and so on to be varied to find the best 
shape. The body wing junction and nacelle 
wing junctions must also be investigated to 
ensure that no premature breakdowns of flow 
occur at high incidence, thus preventing the 
special flaps from developing their maximum 
lift. 


As two engines have been decided on, 
further wind tunnel tests and aerodynamic 
calculations are needed to find the best shape 
of fin and rudder to enable the I.C.A.O. 
requirements to be met. This problem cannot 
be completely solved in the design stage and 
the use of two engines must always be some- 
what of a gamble so long as the present 
1.C.A.O. requirements exist. At this juncture 
it might be suggested that the biggest pit 
awaiting any designer is to try, first, to under- 
stand I.C.A.O. requirements and second, to 
comply with all of them while still construct- 
ing an aeroplane capable of carrying an 
economic payload. 

Passing now to the second problem linked 
with the flap choice: that of operating them. 
Here is a place where the best mechanical 
designers of the office must be started early 
to develop linkages, tracks, etc., and as 
they will probably be elaborate in nature a 
functional mock-up should be constructed to 
find the best track material: forms of linkages 
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having least weight and operating gear must 
be proved for reliability. Without this, flight 
trials at a later date may be held up because 
of minor defects in this mechanism. 


While the aerodynamic arguments and 
tests are proceeding, the undercarriage must 
be investigated. Where are the main wheels 
to go? Are there to be double wheels on 
each leg? is the nose wheel to be steerable? 
And so on. If the undercarriage retracts into 
the engine nacelle then there is interference 
with the jet pipe; on the other hand, if 
retracted into the fuselage, the structure 
weight of the fuselage may be increased or 
passenger accommodation affected, although 
in the fuselage mounting the undercarriage 
weight may be appreciably reduced and a 
stronger undercarriage result. Also, in any 
investigation it should be borne in mind that 
the high wing position gives a high CG. 
position and nasty pitching oscillations may 
take place on landing if nose and main oleo 
leg characteristics are not carefully matched. 
Careful dynamic calculations should be made 
to check this. The question of double wheels 
is a matter of policy for the operators: as 
the requirements stand at present, they 
represent an increase in weight, as the case 
of one wheel useless must be considered. As 
long as this somewhat doubtful requirement 
stands, fitting twin wheels will not be 
economic: greater strength could be got by 
improving existing single types (the burst tyre 
of course can only be dealt with by the twin 
type). Twin wheels also introduce different 
problems of stowage and little is known of 
their shimmy characteristics. In fact, if twin 
wheels are chosen for the nose wheel, then 
the designer should consider ground tests as 
soon as possible on another aeroplane to find 
out their characteristics. If an aeroplane is 
not available a bogie towed by a lorry might 
be tried. 


The use of sandwich construction will 
probably be new to the firm and will require 
complete tests, starting from small panels, 
leading up eventually to the whole wing. 
The tests will have to be made in close con- 
junction with the works to ensure that the 
test conditions can be maintained in the 
works during production. Tests must not 
only be made on simple static loadings; they 
must extend to internal pressure tests, suction 
tests to represent air loads, tests at elevated 
temperatures to represent the effect of heating 
by sun’s rays and, fatigue tests to check 
performance under gust loads. Various types 
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of joints for use with the sandwich 
construction must be developed and close 
collaboration must be maintained between 
drawing Office, stress office, test department 
and works. The complete series of wing 
tests in this case represents a most important 
section of the design and on them will depend 
the overall efficiency of the wing structure. 

One further problem in sandwich con- 
struction is the chemistry of the various 
means of bonding, the repeatability of the 
processes and their simplicity from a works 
point of view. This problem can only be 
solved by considerable development work 
and testing of many hundreds of samples. 

Investigation must be made into the best 
type of fuel tank installation with sandwich 
construction, the effects (if any) of the kero- 
sene on the various bonding resins and the 
general sealing of such tanks. Unless bag- 
type tanks are used, a great deal of further 
test work must be done with fuel tanks full, 
half full and so on. Methods of de-icing 
must also be considered and if thermal de- 
icing is used, further tests must be made to 
check the effect of the hot air on the sandwich 
construction. 

In passing, it might be asked why go to 
all this trouble, why not use straightforward 
stringer-skin construction? The answer would 
be that the sandwich construction shows 
promise of greater structural efficiency, gives 
smooth internal surfaces for the fuel tanks 
because of the absence of ribs and provides 
one of the best means of getting the necessary 
accuracy of contour for laminar flow. 

As turbine power plants have been chosen, 
the designer must go carefully into the nacelle 
design to cut down interference, to provide 
good entry for the air and to make sure the 
jet is discharged away from wing surfaces 
and clear of the tail. This requires careful 
wind tunnel tests. He must get the engine 
manufacturer to do running tests representing 
Operating conditions, investigate requirements 
of fire prevention (best runs for fuel pipes, 
electric leads) and, most imvortant of all, 
must co-operate closely with the engine 
designer to ensure that all measures to pre- 
vent icing-up of the compressor and turbine 
are investigated and incorporated. Unless 
this can be done, the choice of engine would 
be most unsatisfactory for a civil air liner. 

These represent the major investigations 
the designer would have to set in motion but, 
however satisfactorily they may turn out, the 
results are of little value unless close attention 
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is paid to good detail design and close link- 
ing of structural efficiency, detail design and 
weight control. 

This leads to the concluding part of my 
lecture. Too often in the past and at the 
present day, the design offices of an aircraft 
firm are peopled with warring sects: the 
drawing office and the stress office being the 
chief ones. The continued arguments between 
these sects often lead to hold-ups, poor design 
(due to stressmen without design knowledge) 
or, constantly nowadays, poor detail design 
either from a strength or a weight aspect (due 
to draughtsmen without stress knowledge). 

It seems to me that optimum efficiency will 
not be achieved unless the walls between 
these sections are removed and a universal 
design office takes their place: this office to 
be aided by a research group, aerodynamics 
group and detailing group (either doing detail 
drawing or detail calculation). 

This involves giving draughtsmen consider- 
ably more technical training than they have 
at the moment and at the same time widening 
the training of the present type of stress- 
men to include drawing office and design 
experience and also to see that they get a 
certain amount of shop experience. Only by 
these two approaches can we reach the 
optimum in design from all points of view. 
By doing this, I feel that designs would be 
got out more quickly. The detail design 
would be greatly improved, leading to better 
structure weight and fewer maintenance pro- 
blems. This system would, with advantage, 
be further widened in scope by having in the 
power plant section men having sufficient 
basic knowledge of propulsion problems to 
discuss fundamentals of engine design with 
the engine manufacturer and thus enable the 
data put forward on any given engine to be 
carefully checked at an early stage. 

With the increasing complexity of modern 
design, I feel that much greater attention must 
be paid to technical education in its widest 
sense, particularly in the design offices. This 
can only be achieved by encouraging all con- 
cerned to widen their knowledge, by having 
a system which gives the best apprentices a 
chance of further education at a university, 
and by giving those with the highest technical 
qualifications a chance to get further in the 
firm than the present boundary walls of the 
stress office. Only by integrating the whole 
design staff into one unit, can aeroplanes 
nowadays be designed in comparable times 
to those taken some years ago. 
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So far as possible I have throughout, kept 
to general statements in the stages of the 
design and thus these stages do not represent 
exactly, either the progress of a military or 
a civil design, but a fairly close approxi- 
mation to buih. 

In conclusion, I should like to thank the 
senior members of my Department for the 
help they have given me, and also many of 
my friends and colleagues in industry, for 
this lecture could not have come about with- 
out the discussions I have held with them 
over the years. 


APPENDIX I. 
PROPOSED GENERAL REQUIREMENTS. 


A commercial aircraft is required for 
general airline duties. It should carry two 
crew and 20-24 passengers with an allowance 
of 45 Ib. per passenger for baggage. 

It is of major importance that it should 
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have very good take-off and landing charac- 
teristics and be able to meet all I-C.A.O, 
requirements when using aerodromes with 
800-yard runways. 

The performance is to be the best possible, 
bearing in mind the above take-off and land- 
ing requirements and the cruising speed 
should not be less than 180 m.p.h. at 10,000 
feet at 50 per cent. of take-off power. 

Pressurisation is not required. 

It should be capable of carrying full load 
on a stage distance of 200 miles. Full fuel 
allowances must be made on this distance for 
taxi-ing, take-off and landing together with 
satisfactory allowances for adverse winds, 
hold-ups in control zone, and so on. These 
should not be less than 200 miles at cruising 
speed and 14 hours at minimum fuel con- 
sumption speed. The maximum stage 
distance required is 500 miles. 

The design should be such that the possible 
utilisation will not be less than 2,000 hours a 
year. 
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S. Scott Hall (Director, Technical Develop- 
ment (Air), Ministry of Supply, Fellow): He 
had been assured that he would not be out of 
order in stating that the choice of the subject 
of the evolution of the design of an aeroplane 
for a lecture was the result of his own sugges- 
tion. The subject was extremely difficult, but 
Professor Lickley had more than done it 
justice. 

It seemed to him that the importance of the 
specification period for a new design could 
not be over-estimated. Professor Lickley had 
said that decisions taken at the tender stage 
could make or mar the whole design; he 
himself considered that the drafting of the 
specification could make or mar the whole 
aeroplane, its whole future and its whole 
success. The problem which was continually 
in his mind was how to ensure that the speci- 
fication would lead to a first-class aeroplane, 
by which he meant a good flying machine and 
not just an expanding suitcase that could take 
all the equipment which some specification 
drafters would like to see included. 

The old way before the war was the “P.V.” 
The private venture was the designer’s 
unfettered conception of the broad require- 
ments: and he had had a chance in those days 
(because it did not cost so much) to put it 
into the Martlesham Heath competition as an 
“outsider,” and sometimes it won the race. 


366 


Unfortunately they could not afford “P.V.’s” 
nowadays. 

The answer to-day, he believed, was the 
design study. In the business of drafting 
specifications the combined efforts had to be 
secured of what he believed constituted an 
essential triumvirate, i.e. the users or 
operators, their technical agents (the Ministry 
of Supply), and the designer, as the third 
point of the triangle. He would disregard 
those who thought there need be only two. 
By means of a design study, based on a speci- 
fication in the broadest possible terms,the 
ideas of the designers as to what the pro- 
spective aeroplane should be were obtained, 
and there was freedom then to mould the 
specification in a way which he believed was 
the right way in which to produce the best 
kind of aeroplane. What were the views ot 
Professor Lickley and other designers on that 
matter? 

He sympathised with Professor Lickley’s 
remarks on Committees—which really meant 
the Ministry of Supply—in connection with 
Stage 2, but pointed out that when consider- 
ing tenders, and especially in these days when 
an aeroplane was dependent so much on its 
radar, its radio, its armament (if it were a 
military aeroplane) and its navigation equip- 
ment, they must have the critical views of all 
the experts concerned. 
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Professor Lickley had emphasised the need 
for an expert to aid the aircraft designer in 
his difficult power plant problem. He would 
go further; at the present time the aircraft 
designer could not get on without the aid of 
a first-class hydraulics expert, a first-class 
electrical man, a radio expert and an arma- 
ment expert (if he were tackling military 
requirements seriously); and those people 
must have such a status on his staff that they 
could be heard. 


He did not believe that these early stages 
in the design of an aeroplane could be 
hurried. Days or weeks spent in the stage 
which Professor Lickley had discussed in the 
early part of the paper could save months or 
even years later in the life of the aeroplane; 
indeed, it could mean the whole difference 
between success and failure. 


W. E. W. Petter (English Electric Co. Ltd., 
Fellow): Those concerned with the peculiar 
business of the design of aeroplanes would 
agree with Professor Lickley’s apt description 
of it as like putting together the pieces of a 
jigsaw puzzle; and it became even more diffi- 
cult as the years passed. He agreed also that 
the best designs were obtained by inspiration 
rather than by specification. They were 
fortunate in this country, at any rate on the 
military side, in that specifications were put 
to the manufacturers in very wide terms 
indeed, so that they were able to think up 
quite a variety of solutions to the problems, 
rather than, as he believed happened in some 
other countries, having the design put to them 
almost ready-made by the customer, who 
might have overlooked some pieces of the 
puzzle which would give it a very different 
orientation. 


A point made by Professor Lickley which 
was becoming more and more important was 
the control of weight. He was sure that that 
was the difference between the more precise 
designs they were able to look forward to and 
the rather ragged ones for which they were 
sometimes responsible in the earlier days of 
the art. Professor Lickley was right in point- 
ing out that designers had to do much more 
than design. They had to be planners, slave- 
drivers and co-ordinators; that meant going 
much farther than the design and into the 
manufacture of the prototype as well, for the 
whole thing had to be planned as one whole, 
and the evolution of the design, its con- 
Struction and the difficult stage of flying had 
to be run in altogether with current work and 
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with the evolution also of modifications and 
improvements to the current type. 

The mock-up was becoming much more 
than just a picture to show the customer the 
aim that the producers had in mind. It was 
an essential element in co-ordination; and co- 
ordination seemed the most difficult part of 
the job, the getting of the various experts in 
the organisation to work together and under- 
stand each other’s problems. The accurate 
mock-up was a wonderful means of doing 
that, a far better means of bringing to bear 
the intelligence of all concerned than the 
attempt by a superman or supermen to make 
them see it all on paper. Another important 
recent introduction was the mould loft. It 
saved untold time, in that there was one 
master template which ruled not only in the 
experimental shop, but in the tool room and 
throughout the organisation. 

For the programme of work, a good start 
could be made on the wing while the mock-up 
was still in a nebulous stage which would 
render it impossible to start on the fuselage. 
Likewise, the work on the fuselage could 
continue while the tail was undergoing rapid 
evolution in the wind tunnel. At any rate, in 
view of their limited resources in this country, 
it paid to concentrate effort in that order, and 
a far more regular flow of work all through 
might be obtained by so doing. 

The training of staff would play a more and 
more important part. All staff should have 
had experience in the workshops; all those 
who were to hold any responsibility should 
have moved around and should have had 
airworthiness, aerodynamics and_ design 
experience, as well as some knowledge of the 
manufacturing side. Otherwise that wider 
co-ordination which was needed would not be 
achieved. It was the deployment of their 
forces which would prove to be the crux of 
the production of better aeroplanes. 

There were various ways of breaking down 
the barrier between designers and stressmen. 
He believed they could not go back on the 
modern trend of specialisation altogether. A 
system was operating in his organisation in 
which the stress office had been expanded into 
the airworthiness department, dealing with 
much more than stressing. Scheme drawings 
prepared by the designers in the drawing 
office were vetted not only for strength and 
weight, but as designs, in the airworthiness 
department, and frequently, improvements 
were achieved thereby. In this way all the 
best brains were brought to bear and an 
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interested and competitive spirit was engen- 
dered, which, given the right chiefs, in no way 
led to friction. 

They must aim at the deploying and 
adjustment of the organisation to a wider 
engineering background. Interest must be 
widened far beyond the structures. They 
were no longer merely producing wonderful 
and light structures, but must understand 
tactical and flying problems, engines, how 
they worked and how they should be in- 
stalled, the specialised installation of electrics, 
of hydraulics and undercarriages, radar and 
other military equipment, and so on. 
The producers had to serve as consulting 
engineers to the customer and were respon- 
sible for the whole. They would not be able 
to do that without widening the background, 
bringing in the right people to help and 
marching forth as than aircraft 
designers; in fact, as engineers in the widest 
sense. 

E. F. Relf (Principal, College of Aeronau- 
tics, Fellow): His province had not been that 
of design, but rather that of trying to provide 
some of the raw materials of design, par- 
ticularly the aerodynamic data which the 
designer needed. Professor Lickley had put 
a great deal of meat into a comparatively 
short paper; it contained a lot of ideas, and 
as they studied it they should find many 
points in it which suggested new lines of 
thought and action. 

Professor Lickley had said that aircraft 
design was still more of an art than a science, 
or that there was still a great deal of art 
left in it. He regarded that as a mild reflec- 
tion on the research people, that they had 
not entirely done their job: if they knew all 
they should know about structures and aero- 
dynamics, and so on, then there should not 
be too much art in it; there should be only 
one best solution, and that was what must 
be found. But the fact that aircraft design 
was still very much of an art pointed out how 
little they still knew of the real fundamental 
problems of flight. 

During the next few years the situation 
would be worse than ever before, because 
they were just thinking of flying in 
the regions about which, not only did they 
know practically nothing, but none of their 
present methods of experimentation would 
tell them much more. They had to attack a 
problem ten times as difficult as the one they 
had attacked since the Wright brothers had 
first flown, and they had to attack it pro- 
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bably with less equipment than they had had 
for the older problem. Professor Lickley’s 
paper came at a most opportune moment, 
because if they were to be able to face the 
future and keep England in the forefront of 
aeronautical design and development and 
deal with the very difficult problems which 
would crop up, the present was just the time 
to reconsider the processes of design. The 
difficulties would be big enough in any case, 
and by due thought they might be able to 
overcome them more easily than if they went 
on haphazardly. 


The aim of the College of Aeronautics was 
to produce people having to some extent the 
characteristics which Professor Lickley had 
mentioned; people with a wide knowledge not 
only of design, if they were specialists in 
design, but of aerodynamics, power plant, 
and so on. It would be interesting to note 
their influence on the country in the years 
to come. Most of all he was interested to 
know what Professor Lickley would produce, 
because his teaching of design at the College 
was entirely a new venture; he hoped sin- 
cerely that it would have a good effect on the 
development of aeronautics in Great Britain. 


F. J. W. Digby (Chief Designer, Westland 
Aircraft Ltd., Fellow): He did not think that 
in all firms the various officers worked in 
watertight compartments. His own organis- 
ation worked more or less on the principle 
that a man in the stress office worked in con- 
junction with those in the drawing office, and 
in the same way the man in charge of the 
weight office had free access to the various 
designers in the drawing office. At any rate 
in the smaller organisations they worked 


more or less on the lines Professor Lickley | 


had indicated. 


Regulations and requirements could 
become more and more complicated with 
time, but they never became less so, and he 
wondered what they would build up to ten 


years hence. As an example, recently he was | 
trying to get an idea, with his Company's 


chief test pilot, as to the number of flights 
necessary to complete contractors’ trials on 
an aircraft. To his horror it had worked out 
at something like 250. For a new aeroplane 
with a new engine the trials would occupy 
years, not months; it might be a good idea 
if somebody tried to cut down the number of 
requirements and regulations and simplified 
the flight tests in order to achieve quicker 
production of aircraft. 
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H. H. Gardner (Vickers-Armstrongs Ltd., 
Fellow): Professor Lickley had given a clear 
and correct statement of the various steps in 
the design office nowadays. He had hit the 
nail squarely on the head when he said that 
the aeroplane was a complicated piece of 
engineering and was daily becoming more 
complex. 

During the last stages of the first world war 
he had heard how a_ well-known chief 
designer had gone to the Air Ministry and 
during a chat with a few personal friends had 
sketched on the back of an envelope a pre- 
liminary design for a fairly large aeroplane. 
Those few lines were translated into an actual 
aeroplane, and the prototype was flying 
within six months. 

That sort of simplification was impossible 
to-day, but should not be forgotten. As Mr. 
Scott Hail had pointed out the most impor- 
tant work was done in preparation of the 
tender. This work, if well done and not 
subsequently changed, could save a large 
proportion of the time spent in the design 
office between the acceptance of a tender 
and the completion of the prototype draw- 
ings. The actual time now spent in the 
design office had increased by something of 
the order of ten times per pound weight of 
aeroplane produced; it now involved ten 
times as much personal effort per pound as 
at the end of the first world war. There was 
a great need for simplification. 

The question of weight control and weight 
reduction was dear to him, and he was 
impressed by the effort which had been put 
into the control of structure weight, which 
was now something less than 30 per cent. of 
the total weight of the aeroplane. But 
between the structure weight and the basic 
weight of the aeroplane there was a large 
mass of weight over which nothing like the 
same control was exercised ,and there was 
great need for a much more concerted attack 
to reduce that weight. 

He suggested that in the paper the I.C.A.O. 
requirements were emphasised in the wrong 
way. His own experience suggested that some 
of the British requirements could be re- 
written on I.C.A.O. lines and could definitely 
be improved. 

Professor Lickley had suggested that a war 
existed between stress offices and draw- 
Ing offices; there was a vast difference 
between what could be called healthy 
competition and a war, which could be 
destructive. He agreed in many respects 
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with what Professor Lickley had said, and 
with Mr. Scott Hall’s remarks concerning 
specialists. General education must come in 
the early stages of the aeronautical engineer’s 
career. The College should help; but the 
experience in the stress office for the 
draughtsman must be limited to the early 
years. 

I. O. Hockmeyer (Ministry of Supply, 
Assoc. Fellow): The designer of an aeroplane 
must remember through all the five stages of 
the design that when that aeroplane was 
handed over to the user it had to be main- 
tained. Maintenance affected the design, and 
the aeroplane designed so that it was suitable 
for maintenance paid some penalty either in 
weight or performance, or both. An aero- 
plane could be made so reliable that it could 
not get off the ground, or of such superior 
performance that it was never serviceable. 
The choice of the right compromise was the 
designer’s responsibility. It seemed that there 
was a threshold of performance. A bomber, 
to carry a specified weight of bombs to a 
particular potential target, had to be designed 
so that it would at least just get there. Beyond 
this point it could be improved to carry a 
bigger bomb load, to fly farther or to fly 
faster: but once this threshold was reached, 
at which it would just meet the requirements, 
the aspect of maintenance should be given 
much greater consideration. The same argu- 
ment applied to the fighter where the 
threshold was the necessary minimum arma- 
ment and the specified speed margin over the 
potential enemy bomber; and so on. 

There were two aspects of maintenance for 
the designer, reliability and accessibility. In 
general the former cost weight and the latter 
performance, although this was by no means 
necessarily the case. There were four main 
points for reliability. Components and 
structural parts must be just strong enough 
for the job; every bit of material added 
beyond this minimum was adding to the 
factor of safety. There was a minimum safe 
amount of material for parts which were 
subject to fatigue. In each of these two 
cases the designer must decide how much to 
add. The third item was wear, and here the 
question was renewal time. A one inch 
bearing, for example, might last for five 
hours, while a two inch bearing might last 
for 100 hours. The fourth aspect of relia- 
bility was the material selected. It might 
be possible to make something twice as 
reliable by using a more expensive material, 
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and it was necessary to offset maintenance 
cost against the increased cost incurred by 
using the more expensive material. 

Accessibility could be even more compli- 
cated. In the case of a starter motor, for 
instance, it was no use making the commutator 
cover easily removable, in order to replace the 
brushes, if the starter had to be taken off the 
engine and the engine out of the nacelle. 
The point was not that the starter motor 
designer had not done his job properly, but 
that the matter had not been thought out all 
the way down the line to the final nacelle 
cowlings. 

On civil aircraft it might be more 
economical to reduce the maintenance work 
by accepting big increases in component 
weights. It might be possible to justity 
doubling the weight of a small component 
hidden away inside the aeroplane, where pro- 
vision for getting at it would entail serious 
penalties in the design of the aeroplane. With 
military types any part of the aeroplane might 
be damaged by enemy action; so that all 
component parts must be easily replaceable. 
From the military point of view there was 
probably a bigger case for making every 
component as light as possible, especially 
as a bigger penalty must be paid for 
accessibility. 

A case book of points which had offended 
from the maintenance aspect could be 
written. Lieut. Bowden’s paper in the 
JOURNAL* and subsequent correspondence 
was of this nature and he drew the attention 
of designers to these examples. 


Air-Commodore T. G. Pike (Air Ministry): 
Up to a point, he agreed with the lecturer that 
in recent years a large number of their most 
successful aeroplanes had been private ven- 
tures and that probably the best results were 
obtained by giving the designer the freest 
possible hand, outlining to him only very 
briefly what was required. But in recent 
years they had also seen aeroplanes which 
had been first-class flying machines but 
indifferent fighting machines; and from the 
military point of view, the latter was the 
feature which really counted. 

Equipment to-day became heavier and 
heavier and more and more bulky, and he 
believed they had reached, or were reaching, 


* Design for Maintenance, by Lt. (A) (A/E) 
T. E. G. Bowden, R.N., Grad.R.Ae.S. Journal 
R.Ae.S., Vol. 51, No. 435, March, 1947. 
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the stage at which an aeroplane should start 
life in the design office together with the 
equipment. He believed that the designer 
must be given, right from the start, the fullest 
details of certain things that were vital to the 
aeroplane. For example, for a military aero- 
plane it was necessary to give the designer 
full details of what it was essential to carry 
in the way of radar, wireless, navigation 
equipment, bombs and bombing equipment, 
and other equipment; otherwise the designer 
might produce a most beautiful aeroplane, 
but when it was built the essential equipment 
would not go into it, so that it would not be 
of any use. ; 

The author had referred to a conference 
which should take place just before the 
mock-up conference and had described it as 
a bargaining match between the would-be 
purchaser and the designer. He had painted 
a pathetic picture of the aircraft designer in 
conference with a monstrous would-be pur- 
chaser. 


faced with this ruthless purchaser trying to 
exact more than a pound of flesh and saying 
that certain extra features must be included. 
That conference which Professor Lickley had 
described as a bargaining match was known 
in the Air Ministry by the more sedate term 
of “Advisory Design Conference.” Its pur- 
pose was to advise the designer on the more 
detailed points of the requirements, for the 
very reason that if the specification were a 
good one it was in broad terms, so that the 
designer must at some stage be told more 
explicitly just what was required. The 
designer sometimes said that the require- 
ments were in such bad English that he could 
not really understand them! 

That conference was important and, from 
his experience, exactly the reverse took place 
from what was suggested by Professor 
Lickley. Far from the would-be purchaser 


foisting additional demands on the designer, | 


the occasion was the one on which the 
designer had for the first time really got the 
purchaser where he wanted him. One 
important point to be borne in mind was that 
at that stage the would-be purchaser was 
practically committed; he had not signed the 
final contract, but was very near it. So that 
at that stage one saw the unfortunate pur- 
chaser for the first time being thumbed down 
by the designer, the latter saying that the 
would-be purchaser’s demands were rather 


The latter had already stated once ! 
what he required, and the designer, who was 
most anxious to secure the contract, was | 
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unreasonable, but that he could have one 
thing if he would agree to give up another. 
The unfortunate would-be purchaser sat 
there, becoming more and more disillusioned; 
and towards the end of the proceedings he 
agreed to certain concessions for the simple 
reason that he had no alternative! 

Perhaps, he had exaggerated a little, but 
it all went to show that there were several 
different points of view in the matter! 

§. Camm (Chief Designer, Hawker Air- 
craft Ltd., Fellow): He agreed fully with 
most of the statements made by the lecturer. 
A point he emphasised was the importance of 
being keenly enthusiastic on the design on 
which the designer was engaged. It was of 
no use putting a design into an office and 
saying that that was what was wanted, if the 
designers did not want to work on it; the 
design would never be any good in those 
circumstances. 

It was important to recognise the overlap 
period during which design time was still 
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being applied to the preceding type. Pro- 
fessor Lickley seemed to imply that one 
started a design ab initio, with nothing else 
on one’s mind. That never happened; there 
was always a preceding design, and the 
tendency was to deal with the problems of the 
immediate present, leaving the project office 
to plough through all the various possible 
schemes and layouts. 

Another important problem which arose 
in the early stages was how far the drawings 
should conform to production standards. If 
the prototype were required quickly, the 
drawings could be fairly sketchy, but if it 
were going into immediate production the 
preparation of the drawings would take 
longer. 

They must guard against the desire to put 
drawings into the main drawing office before 
the overall design was as near satisfactory 
as possible. Such matters as tail arm and con- 
trol surface areas must be considered in great 
detail to ensure that they were adequate 
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before much detail drawing was started. 
Often designs were seen which would be so 
much better if another foot or so were added 
to the length of the fuselage. Another matter 
which worried him was that of foreseeing 
the increasing loads which might be imposed 
at a later date, their effect on the C.G. range, 
and what allowance for these contingencies 
should be made in the design. What was the 
wing loading necessary to carry the weight; 
should it be such as to allow for extra load, 
and so on? Also, what about the C.G. 
range? Should it be allowed to go back- 
wards or forwards? It always went back- 
wards, of course! There was a large element 
of speculation in that connection. 

It was vitally important that there should 
be the closest connection and co-operation 
between the designers and the experimental 
shop. They should work together as one 
shop; too often in Industry they were 
separate, and this could not produce the best 
results. 

Mr. Gardner had commented about saving 
weight. The structure was scraped down to the 
last ounce in the early design stages, often run- 
ning the reserve factors much too near, only 
to find later on that the equipment which had 


to be carried was very much heavier than it: 


need be, because of bad detail design. In one 
instance the cases for certain electrical details 
were made of a zinc lead alloy because some- 
one had found that this was a convenient 
production process. 

When sketching out a design in the early 
stages it was of no use thinking only of aero- 
dynamics. A certain amount of stressing 
was necessary because the results of this 
might have a decisive influence on the design. 


He had heard about machines flying five 
months after a project was started; he did not 
believe it. If the job were done properly it 
was necessary to spend two or three months 
considering the early stages and he did not 
think that the drawings for even a small 
fighter could be produced within, say, six 
months. The average time from the first 
conception to the first flight of the prototype, 
m the case of single-seater fighters, varied 
between 15 months to two years. During 
the war an attempt was made to reduce the 
minimum possible time between drawing 
board and production and it had been con- 
cluded that if everything flowed smoothly this 
could occur in approximately two years. The 
time stages which they then assumed to be 
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necessary to produce this result were shown 
in the chart. 

G. R. Edwards (Vickers-Armstrongs Ltd., 
Fellow): One matter which had been raised 
throughout the discussion had been that of 
complexity as such or its effect on the overall 
design, the time it occupied and its associated 
problems. He sometimes felt that the com- 
plexity associated with modern aircraft, except 
those which must of necessity be possessed of 
very high performance, had got completely out 
of hand. That brought in its train extremely 
complicated factors which took a long time 
to design and a long time even to get worked 
into an aeroplane in the prototype stage; what 
was more serious, they also took a long time 
to get right after the prototype had flown, 
with the result that the production aeroplanes 
eventually appeared such a long time after 
their inception that the purpose for which 
they were originally intended was almost lost. 
The effect of that passage of time was that 
the picture on the outside of the box which 
contained the jigsaw puzzle had faded and 
almost failed to show the shape; and when 
one had put the pieces together one found 
that it did not matter anyway because it was 
no longer the required article. 

But that passage of time also involved 
incurring great expense, and he had _ been 
much impressed recently by the circumstance 
that the American Aircraft Industry, which 
had been producing for years past a series of 
what they were informed by the most reliable 
authorities were highly successful civil air- 
craft, appeared to be charging into a state of 
bankruptcy even more rapidly than_ the 
Industry in this country! If the reason why 


they were getting into that somewhat un- | 


desirable state were examined—and it could 
be regarded as undesirable because most of 
the firms in the Industry were not really in it 
for the benefit of their health !—it was found 
that the costs of development and tooling of 
a relatively conventional aeroplane, fitted 
with piston engines, would reach such 
astronomical figures that the manufacturer, 
even to get his money back, and without 
making anything so sordid as a profit, would 
have to make 300 of the aircraft. 

The magic figure of 300 re-appeared all 
the time; even the production of the Con- 


stellation was reputed to be running at a loss , 


until 300 were made and sold. The world 
market for civil aeroplanes was such _ that 
there was no hope of selling 300 of one type. 
So that a manufacturer, when he had _pro- 
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duced an aeroplane which did all the things 
it was required to do—and it had become 
very complicated on the way because that 
was the only way in which it could be made 
to do all those things—smartly went into 
bankruptcy. That seemed to be rather 
unreasonable and he was not sure that the 
time had not arrived when they might take 
stock of the situation in regard to aircraft 
designing and decide perhaps that for some 
types, particularly ordinary orthodox civil 
aeroplanes, it might be cheaper to save a 
large amount of money in development costs, 
even at the expense of adding a little more to 
operating costs. For military aeroplanes 
which had to live on their performance there 
was no answer to the problem; an aeroplane 
which must exist by virtue of its performance 
must be the most efficient aeroplane that it 
was possible to make within the required 
time scale. 

All that complexity led to the question of 
employing specialists on the staff; there was 
no escape from that in these days, for an 
aeroplane was such a bag of tricks that it was 
impossible to do without them. He agreed 
with Mr. Scott Hall that those specialists 
should cover a wider field than had been 
indicated in the past. The layout of an aero- 
plane might well be governed by a major 
piece of navigational equipment, for it was 
useless to provide an aircraft which had not 
a hope of finding its way around. The prac- 
tical solution to the problem was to have a 
tribe of experts in branches in which they 
had not been considered necessary hitherto. 
They must hammer out the job at the begin- 
ning, and they must be given the time to 
hammer it out before the design was thrown 
to all the multitudinous group leaders in the 
drawing office. He was convinced that all 
that band of specialists would have to get 
on to an aeroplane design for possibly 
twelve months before it was spread far and 
wide; they must be encouraged to say what 
they wanted, not deterred from it, and the 
endeavour of the chief designer must be to 
strike a balance between the ideas of all the 
specialists in order to produce the optimum 
aeroplane. He was not one who held the 
view that they must be held down, for the 
result of that was to produce a mediocre 
design. 

There was no doubt that in building the 
prototype the experimental shop was one of 
the most important features. He agreed with 
Mr. Camm that the experimental shop and 


OF THE DESIGN 


OF AN AEROPLANE 


the drawing office must work side by side, 
fired with the same enthusiasm. Whether 
drawings were being produced for production 
at the start, or for getting out the prototype 
quickly depended on the type of aeroplane 
and the particular component. 

The more orthodox features, not subject to 
violent change, could be drawn in production 
form from the start. Tail units and other 
changeable items should be made from the 
simplest possible drawings. 

The task of the designer as a slave-driver 
in order to get through the work of the last 
few months in a few weeks would be easier 
if he had not to catch up the eighteen months 
or so that had passed before he was told to 
make a start on the job. 

J. A. C. Manson (Ministry of Supply, 
Fellow): He was disappointed that Professor 
Lickley had given production considerations 
such a low position in the scale of time, and 
in fact, did not introduce them until stage 4 
on his chart. He would have thought—and 
he would like Professor Lickley’s reaction on 
the matter— that the production aspect of the 
design and the methods by which the aero- 
plane had to be built should be brought into 
the first stage of the discussions between the 
designer and the people in the experimental 
shop or, later, in the production factory, who 
would have to make the aeroplane. As Pro- 
fessor Lickley would be instructing the next 
generation of aircraft designers in_ this 
country, it was worth emphasising that it had 
become good practice in the Aircraft 
Industry for the production people to be con- 
sulted in the earliest stages. 

N. E. Rowe (British European Airways, 
Fellow): He agreed with Air Commodore 
Pike that they should by all means concen- 
trate on making the military aircraft one 
which would carry its equipment and arma- 
ment; but they should always make quite 
sure that it was a good aeroplane in its basic 
features, that it was simple, especially in its 
control, easy to land and to take off and 
was a machine which would work and con- 
tinue to work, would not always be involved 
in accidents and would not give rise to heavy 
training expenses, making great demands on 
pilots and man-power generally. 

Although Professor Lickley had given a 
straightforward picture of what happened in 
design—and he personally did not know it 
from the inside, although he had some know- 
ledge of it from the outside—no background 
had been given comprising the essential 
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things which must be there in order to enable 
the process to work. For instance, in an 
enterprising new design there must be a great 
deal of applied research. Who did it? Did 
the firm do it, did they farm part of it out, did 
they rely on national resources, and if so, 
to what extent, or should they be complete in 
themselves and carry out that ad hoc research 
in connection with design? He thought that 
they should be complete to the extent of 
having first-class aerodynamicists, mathema- 
ticians, and so on, so that they could make 
their own choice of all the new things which 
were put before them by the various 
specialists, so that they were not merely 
designing other people’s ideas into their pro- 
jects, but were integrating into their projects 
their own ideas of the things they had been 
told by the basic research men. 

He felt Professor Lickley was right in ask- 
ing for full freedom in the specification, 
because the business was an art and not a 
science, and therefore, the man who had 
some sort of intuitive faculty could always 
get more out of broad requirements than out 
of a set of rigid requirements. But that 
implied that he had an adequate and com- 
plete knowledge of what was required, so 
complete in fact, that by combining his know- 
ledge with his intuitive faculty he could show 
the purchaser new ways of obtaining and 
improving on the things for which he had 
asked. The choice of wing loading and such 
basic features as would be needed in the 
development of the aircraft were important 
considerations and the designer must have 
good knowledge of how long the aircraft 
would last, in order to be able to build into 
it the features which would ‘allow it to 
develop properly. 

What were Professor Lickley’s views as to 
the right balance of the design team? How 
much should they concentrate on the aero- 
dynamics side, on the structural side and on 
the various specialists in the team? If there 
were too much concentration on one, another 
would suffer. Presumably it was a matter on 
which the chief designer or chief engineer 
should make up his mind, and then he must 
watch it carefully. 

He did not like the idea of really first-class 
artists becoming slave-drivers, and he did not 
think it was the right process. Mr. Petter had 
said that a great deal of co-ordination was 
necessary; but when the stage was reached 
at which there should be driving, that 
function should be in the hands of someone 
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else who could use his efforts more appro- 
priately than could the chief designer or 
chief engineer, whose mind should be on the 
broader issues. 

G. F. Webb (Assoc. Fellow):—He empha- 
sised the importance of the degree of 
inspiration embodied in the conception of a 
design. The best illustrations of this were 
the Gipsy Moth, the Spitfire, the Empire fly- 
ing-boat and other inspired designs of which 
they were all aware, but which he felt they 
might all too easily forget. 

Did Professor Lickley agree that, in their 
pre-occupation in applying the tool of 
scientific method, they had forgotten how 
imperative was the role of the designer’s 
imagination—his capacity for inspiration? 
Would Professor Lickley endorse the pre- 
vious speakers’ agreement on the need for 
this quality, which was noticeably absent in 
some of the more “top-heavy” design 
organisations to-day? It behoved them at 
the present time to remember that it was 
just such imagination, allied with technical 


and administrative ability in the individual, © 


which had engendered in the past that enthu- 
siasm mentioned by Mr. Camm, and the 
team spirit which made the difference 
between months and years in the develop- 
ment of a design. Since the war, in 
particular, individual enthusiasm had _ been 
largely swamped by the “systems” which had 
been developed solely to meet wartime needs. 
How did Professor Lickley suggest that such 
enthusiasm could be regained in_ the 
Industry? 

He considered it a shameful reflection on 
existing methods that so many apprentices, 


from whose ranks the draughtsmen and | 


technicians were now generally recruited, lost 
all their initial enthusiasm by the third year 
orso. It seemed to him that present methods 
of training had a parallel in those of genera! 
education of 25 years ago; they seemed to 
concentrate almost exclusively on developing 
the mind, while providing little or no stimulus 
to the imagination. The resulting product 
was too often liable to become a square peg 
in’‘a round hole. To maintain and develop 
the student’s initial enthusiasm during train- 
ing, it was essential to make the subject 
interesting. This could be done in various 


ways, as, for example, by the use of models | 


for demonstration of first principles; but how 
often was that done? How often, in fact, 
were students in the Industry even encour- 
aged to get aboard an aeroplane? 
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He asked for the abolition of existing part- 
time courses, which was long overdue, and 
suggested that centralised full-time courses 
should be provided instead at intervals during 
works training, in which higher standards of 
instruction and, above all, unrestricted access 
to aeroplanes and representative components, 
could be made much more easily available. 
After training, all technical personnel should 
be encouraged to maintain contact with air- 
craft. It should never be possible—as it was 
to-day—for anyone to boast of having 
designed an aircraft without even seeing it! 

J. V. Connolly (College of Aeronautics, 
Assoc. Fellow) contributed: To him the last 
part of Professor Lickley’s paper was the 
most significant and required most discussion 
and thought. The whole of the paper demon- 
strated in a concise and systematic manner 
the wide range of knowledge and _ the 
“spectrum of skills” required by an aircraft 
designer. Many of those discussing the 
paper amplified this theme. The lecturer’s 
plea for a solution of the problems of co- 


» ordination and collaboration was clearly the 


only answer; the time was past when they 
could hope to train one man in all those 
aspects. Indeed, there were several clear 
fields not mentioned in detail in the lecture 
which must be added to those formidable 
requirements, such as production, economic 
and physiological considerations which could 
now become of almost equal importance to 
the aerodynamic, structural, mechanical and 
electrical engineering and material problems 
so clearly demonstrated in the paper. 

It was increasingly clear that far from being 
purely an engineering scientist, a modern 


_ chief designer must also be an able adminis- 


trator, a leader and controller of fairly large 
bodies of men, and a business man to boot. 

Unless they were prepared to wait for bio- 
logical selection to produce a new Leonardo 
da Vinci it seemed that some system must be 
devised whereby they wrote a careful and 
detailed specification for the type of man 
needed and then tried to train him to meet 
this ideal as nearly as possible. 

In doing this they must not forget that he 
must still remain an “artist,” because for 


Some time to come this would still be neces- 


sary; even if Mr. Relf’s noble acceptance of 


esponsibility for providing complete scien- 


tific data and theories were ever fully 
achieved. The designer must be an artist at 
least to the extent that a composer or a 
conductor of an orchestra was an artist. They 
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might not demand that either should be able 
to play each instrument at the highest 
standard, but they must know what each of 
them sounded like, what they could do, and, 
more important, the inter-action of one upon 
the other, even though this might involve a 
multitude of permutations and combinations. 

It was surely unscientific to await the 
evolution of a solution to this problem. 

Apart from the difficulty of training any 
one man in all the component arts, crafts, and 
sciences there was also another barrier. V. A. 
Graicunas in “Papers in the Science of 
Administration” had shown that no superior 
could properly supervise directly the work 
of more than five—at the outside six—sub- 
ordinates with interlocking relationships; 
purely because of the permutations and com- 
binations of those relationships. 

The present task of a chief designer 
involved a contradiction of this principle, 
particularly if “experts” were added to his 
staff, which already had more than a full 
requirement for “span of control,” as this 
function was termed. 

The only avenue of approach was along the 
path of organisation, even though, at first 
sight, this might appear to involve a certain 
amount of “red tape.” 

The designer would begin to deal “less and 
less with more and more” and in a co- 
ordinating and judicial capacity. What was 
needed was knowledge of how much more 
scope and how much less detail were needed 
to constitute the optimum condition. 

Probably the only people who could settle 
this (at least subjectively) were chief designers 
themselves. The results of their deliberations 
could be taken to an objective stage by doing 
research suggested by the conclusions of the 
designers. 

The aim of aircraft design was to provide 
the best solution to the complicated relation- 
ship between at least the following (in their 
widest meaning): 


l. 


2. 
3. 
4 
5 


Performance. 

Safety. 

Cost. 

Availability in a given time. 
Utilisation of existing practical 
facilities. 


Remarkable achievements had been made in 
all these fields except items 3 and 4, failure 
in either of which could easily render all 
the others either useless or, at best, inferior 
to competing projects. 
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The designer who could make accurate 
long-term forecasts of needs and possibilities 
would have some advantage, but in the 
advancing technical development even extra- 
ordinary prescience in this field could be 
negatived by slow provision of the aeroplanes 
in a useable form to the customer. Many 
cases existed where every expectation and 
probability of the date of delivery had been in 
practice wrong by years, because of relatively 
local but intractable “snags.” Once a 
machine was really cleared technically, the 
making of it in quantity had rarely been 
seriously adrift from planned programmes. 
The overwhelming majority of cases indi- 
cated that once delivery started, even the 
worst cases took only eighteen to twenty 
months to build up to peak production (ie. 
to fill the whole capacity of the factory). 
Without suggesting that there was no room 
for improvement, even in this sphere, it was 
clear that the stage in the whole life history 
of a new type which was most critical, and 
which could have an overwhelming effect on 
total time, was the development period 
between first flights and final clearance for 
unaltered production. This was nearly 
always too long by any analytical standard. 
Arbitrarily shortening the time by taking a 
gamble merely made confusion worse con- 
founded by throwing the problem, in the 
form of major modifications (Class 1) into 
the production line on the factory floor. 

It was suggested that a period of two and 
a half to three years between conception and 
full-scale production flow of a completely 
satisfactory aeroplane must be the target of a 
design organisation. This required a big 
improvement in every department’s time 
table but he was confident that the figure was 
possible (indeed it had been achieved in rare 
cases) and that to take advantage of technical 
progress it was necessary. 

He thought it could be shown economically 
that immense effort was justified to reach this 
target, the returns being obtained, in large 
part, by avoiding the period of “marking 
time” between types, and by avoiding over- 
production of obsolescent aeroplanes. 

Professor Lickley’s comments on a pre- 
liminary approach to this problem would be 
most useful and timely. In other words, 
could they have an “ideal” specification for a 
designer? Only if they had could they hope 
to design methods for meeting the require- 
ment. 
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G. E. Hughes (Henry Hughes & Son Ltd.), 
contributed: In the end, the aircraft had to 
be flown by the pilots, so he would add a 
claim from their point of view. 

Could designers give more thought to the 
layout of the instruments and controls in the 
cockpit? Many were the instances that could 
be quoted of the accuracy of an instrument 
or the effectiveness of a control being wasted 
because of bad positioning. 

Would designers help standardising 
instruments, instrument dials, and the feel 
of control knobs? There were such wide 
fields of opinion on these subjects that a 
combined policy by the designers was needed, 

R. K. Page (Westland Aircraft Ltd., Assoc. 
Fellow) contributed: Professor Lickley had 
given an excellent outline of the organisation 
or “grand strategy” of aircraft design, but he 
wished he had enlarged a little more on the 
methods of tactical planning, particularly in 
Stage 1, the initial development. This was 
when something began to appear on paper 
as the first tangible evidence of the union of 
the two rather abstract quantities, the 
Operator’s requirements and the designer's 
ideas of the sort of aeroplane that could best 
be built to fulfil them. 

Undoubtedly in the past, successful designs 
had been produced from a chief designer's 
“back of an envelope” sketch, with the sub- 
sequent design investigation work little more 
than a routine checking of weights, powers 
and wing area to satisfy the required per- 
formance; and certainly, to a limited extent, 
this would always remain the general 
principle (since without even a rough idea of 
the probable size and general characteiistis 
a start could never be made), but with the 
rapidly increasing diversity and complexity 
of possible variables, it seemed doubtful 
whether in future anyone could be sure of! 
starting on the right lines, or not spending 
valuable time following wrong ones, unless a 
considerable amount of preliminary general 
investigation had been done to find out the! 
possible advantages (or otherwise) of innova- 
tions and the extent to which variations in 
basic variables could profitably be made. No 
longer was it safe to assume that the new. 
design would be only a small advance from 
the last one, or “average values” immediately 
adopted for such things as wing thickness, 
aspect ratio or tail size, while the increasing 
amount of time that had to be devoted to the 
demands of operating and functional equip-| 
ment made it necessary that the basic 
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qualities should be disposed of as soon as 
possible. 

It was suggested that it should be the duty 
of the project staff to continually investigate, 
by the preparation of sketch designs of the 
broad classes of aircraft in which the firm 
was interested, the application of all relevant 
new discoveries or features that would affect 
the basic design, so that when a particular 
specification came along, information would 
be available to indicate at least the broad 
limits within which that feature could be 
applied. Such general investigations should 
always cover a wide range and as large as 
possible a number of combinations of 
variables, since often it might be extremely 
useful to know results of a negative kind, e.g. 
if the possibilities offered by the use of a 
boundary layer control for reduction of wing 
drag were under discussion a large range of 
wing loadings and of relative proportions of 
wing and body size would be considered; on 
a particular design it might then appear that 
even reduction of the wing drag to zero would 
result in only a smail reduction in fuel con- 
sumption, and so much detailed calculation 
could be saved. 

Without claiming that the blessed word 
“Planning” could be used to hold out promise 
of the production of a “universal family of 
curves” Or a supernomogram that would 
enable the designer infallibly to scheme out a 
design to fit a set of requirements, it was 
believed that such a method of continuous 
project work would give a better chance of 
starting with a balanced design when inten- 
sive work on the preparation of a tender was 
begun, and with less danger of persisting with 
a particular layout long after it should have 
become clear that the incorporation of one 
or two particular “bright ideas” did not make 
up for other inherent disadvantages. 

If the idea of a project section organised 
and occupied on these lines were accepted it 
would be interesting to know Professor 
Lickley’s opinion as to what numerical pro- 
portion of the design staff it should constitute. 


_A. Smith (Associate), contributed: In the 
light of some ten years’ experience of 
Operation, overhaul, servicing, maintaining, 
and building aircraft and aircraft components 
and engines, it appeared to him that for its 
success, any aeroplane design depended upon 
two things: 


1. The overall “correctness” of the aircraft 
for the role for which it was intended, 


by which was implied that the machine 
was designed by a man of vast exper- 
ience, who put the essential qualities for 
that particular type in their proper place 
in the design—and kept them there. It 
appeared that the truly great aeroplanes 
were all of this order, and that in these 
designs the essential experts, who could 
not help but make or mar the design, 
were exploited to the full without ruling 
the design. In fact, the perfect com- 
bination. A poor hydraulic system, 
badly designed heating, cramped layout 
for ammunition containers, clumsy elec- 
trics or any of many other essential 
specialist portions of the aircraft would 
eliminate its chances of success, despite 
any other attributes it might possess, 
unless they were really perfected. The 
whole aeroplane must be designed to be 
a “world-beater.” 


. In any given period of time, and in any 
climate, the ratio between the time in 
flying hours which it could spend doing 
its job with maximum efficiency and the 
time in non-flying hours which it had to 
spend on the ground. 


An aircraft should be just that—a flying 
machine, with the qualification that it did 
a certain flying job better than any other 
aircraft. 

This point of 100 per cent. airworthiness all 
the time, in all conditions, had never received 
even a part of the attention it should. 

There were two approaches to this pro- 
blem, which, in time of war was of primary 
importance, and in time of peace (particularly 
in 1948!), was a question of bankruptcy or 
success to the operator. Despite the pessi- 
mistic and rather vague remarks of one 
speaker at the lecture, neither approach 
should, with a good designer, cost anything at 
all by way of performance. 

The approaches were : — 

(a) By vigorous development of every part 
of the aircraft in its entirety from nuts and 
rivets to the power plant, propellers, turbines 
and structures as a whole. All must be 100 
per cent. dependable, all must be so highly 
developed that they would remain 100 per 
cent. serviceable for long periods and require 
no maintenance or replacements. The ideal, 
for civil use, would be an aircraft, so 
developed, so reliable in every detail, that it 
could be considered and found serviceable 
at 100 per cent. efficiency for twelve months. 
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Then, at the annual C. of A. inspection, the 
whole could be overhauled in detail. 

Such an aim seemed impossible; it might 
be, but if some of the poorly designed, and 
even more poorly manufactured, items to be 
seen on many an aircraft were considered in 
this light, many a mediocre modern aeroplane 
would become a good aeroplane. 

Poor protection, weak points where struc- 
tural loads were not carried, sloppy building 
up of components and many other sins could 
be listed, besides the basic one of the 
inclusion in civil designs of untried and 
undeveloped features. No one would give a 
man a cardboard shovel to dig a trench, how- 
ever scientifically the shovel were designed, 
so why include complicated and flimsy 
objects in an aircraft, in which everything 
depended on reliability? 

It was obvious that real development would 
take years of patient and painstaking study 
and hard work, so that it was necessary to 
maintain the machine to a greater or lesser 
degree. 

A really well-designed aeroplane would 
need far less attention and time on the 
ground. 

The second point was therefore :— 

(b) By the use of sound commonsense on 
the part of the design staff in viewing the 
aircraft as, not just another manufactured 
article sold to a customer, but as a living 
example of their skill, to produce a highly 
efficient piece of flying equipment which had 
an extremely arduous duty to perform—and 
which could be made to continue in that duty 
always with the minimum of trouble. 

They should remember that building an 
aircraft and installing its complete equipment 
in the factory was simple compared to doing 
even routine maintenance out in the open, in 
intense heat, intense cold, severe rains, high 
winds, rough seas, fog and such weather as 
had to be contended with every day, always, 
throughout the life of the aircraft and the 
maintenance engineer. 

They should remember also that for air- 
lines, covering vast distances, no highly 
tooled, well jigged, technically informed 
factory was available. The maintenance 
engineer had his weapons: commonsense;: 
a broad background of experience on other 
types; a selection of hand tools and an oft- 
times worthless handbook on type. 
Armed with these, he tackled the job in hand 
—but found, what? 
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If nae aircraft | had about 
properly in its design stages; inspection 
panels of real use, decent cowlings, easily 
handled, good access to important places, 
properly labelled and easily replenished 
systems, neat hydraulics, neat electrics and 
proper regard paid to the correct way and 
methods of attaching or securing everything. 
These need not cost anything in performance 
—a good modern example was the Dove, 
which was truly accessible and at the same 
time an efficient aircraft. 

The alternative was an aeroplane which 
soon earned a bad reputation; was always 
late; always held up; always unserviceable; 
systems were filled incorrectly; lines were 
crossed; and so on and so on. The result 
was cancelled contracts and airline losses. 

There was a remedy. If the aircraft were 
designed for a civil operator, when the first 
full mock-up was complete—it must be com- 
plete, with all systems and “gadgetry”—the 
Operator’s maintenance people should be 
represented by properly qualified engineers 
from their staff, with the authorised right to 
criticise and call for amendments necessary 
to points which were going to cause difficulty 
in service, operation and replacement. 

When the completed aircraft was ready for 
production, the prototype should be subjected 
to all the routine servicing, maintenance, 
overhaul, repair and replacement procedures 
from the most minor part to the most major 
part which it would most require in service. 
Any final “snags” should be corrected before 
the aircraft went into service. 

Only by this means would they ever see 
the end of things such as:— 

Gearboxes hidden behind oil tanks and 
pipe-lines. 

Pressure fuselages, with all equipment 
under the floor and the latter riveted 
down. 

Automatic pilot servo motors mounted s0 
that they could not be seen. 

Magnetos completely hidden from view by 
engine bearer frames. 

De-icer, fuel, oil and water tanks closely 
grouped for filling. 

Uncheckable systems. 

And hundreds of other  time- wasting, 
highly dangerous built-in “snags.’ 

He thought that Mr. Webb had summed 
up the situation with his story of the 
draughtsman who had had much to do with 
the design of an aircraft, but who had nevet 
seen the machine! 
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THE EVOLUTION OF THE 


R. S. Stafford (Handley Page Ltd., Fellow), 
contributed: He was surprised that Professor 
Lickley should consider that the design 
evolution was complete at the stage of the 
first flight. In most designers’ experience, 
the first flight initiated a period of most 
intensive design development, and that pro- 
cess of evolution continued, in many cases, 
until well after the type had undergone 
service. This was partly attributable to their 
limited resources both of man power and 
testing equipment, which led to aeroplanes 
first taking the air in a state which left room 
for further development. It was common 
experience that both load and performance 
were capable of considerable improvement as 
the design matured. 

He was intrigued by the apparent simplicity 
of the choice confronting a designer between 
high and low wing arrangements, and was 
sure that Professor Lickley did not wish to 
believe that the considerations involved were 
limited to undercarriage weight and passenger 
convenience. 

He agreed on the need for considerable 
wind tunnel testing with any new design; 
more and bettter wind tunnel facilities were 
required in which they could test to Reynolds 
numbers of at least one million, and with 
propeller thrust coefficients at least equivalent 
to the lower practicable climbing speed. 

Professor Lickley suggested that a prime 
consideration was that the design should 
guard against a change in trim with flap 
operation. He would suggest, provided that 
stability and control were adequate, that quite 
marked changes of trim with flap operation 
could be accepted as _ being inherent 
in the design. Such trim changes could be 
compensated quite simply by trimming of 
elevator tabs—mechanically coupled to the 
flap mechanism. 

Professor Lickley suggested that body and 
nacelle wing junctions must be carefully 
studied to ensure no premature flow break- 
down. This was one of the things which the 
designer apparently must not do too well, 
otherwise he would be told he had produced 
an aeroplane without a stall warning. Because 
designers had been not too clever in the past, 
pilots had become accustomed to accepting 
as a warning of impending stall, airframe 
buffeting produced by premature or partial 
flow breakdown. Such breakdown resulted 
lM poorer control or reduced maximum life 
Coefficient and, in view of the importance now 
attached to low stalling speed in determining 
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standards of engine cut performance, the 
designer must strive for the highest possible 
Cymax In doing so, he would tend to 
eliminate all forms of flow breakdown leading 
to buffet until the stall proper was reached. 

Under present airworthiness requirements, 
the designer must build into his aeroplane 
from the start, adequate stall warning, and 
he would be interested in Professor Lickley’s 
views on the desirability of this warning being 
in the form of visual or aural means. 

Quite apart from designing aeroplanes, the 
designer had an almost full-time job in 
ensuring that airworthiness and other special- 
ists did not clutter up design with over-rigid 
or premature requirements. There was a 
tendency for those responsible for formu- 
lating airworthiness requirements to rush into 
print with designs and regulations on a new 
feature before designers or operators had had 
any experience. 

An example was the requirement for deal- 
ing with fire precautions for jet engines. He 
shuddered to think of the committee man- 
hours expended on this problem already, but 
one result had been the formulation of a 
requirement specifying the extent to which 
steel cowling should be used in the vicinity 
of combustion chamber or chambers. Surely 
it would be better to let development take its 
course and to let experience show what was 
the optimum arrangement, which might well 
involve the use of thicker walls for com- 
bustion chambers with consequent increase in 
life and reliability. 

J. Wright (Aircraft Division, Dunlop Rub- 
ber Co. Ltd., Fellow) contributed: Professor 
Lickley’s paper was enlightening to an acces- 
sory manufacturer like himself, who saw 
only a small aspect of the initial stages of the 
design of an aeroplane. He was particularly 
impressed by the remarks on the development 
of the design, including the initial investiga- 
tion and project work. 

He endorsed Professor Lickley’s remarks 
on the desirability of accurate weight 
estimation at as early a stage as possible. 
There had been instances where the final 
operating weights had been more than double 
the original estimated figure—the immediate 
result was that the wheel and the brake were 
over-loaded and the ensuing result that, with 
the advent of the next design, the accessory 
manufacturer was tempted to recommend the 
use of a larger and heavier wheel than was 
required for the estimated weight of the 
aeroplane. 

379 


% 
| 
4 
goons 
i 
| 


In these days of laminar flow wings it was 
most desirable that an accurate weight esti- 
mate should be prepared to ensure that the 
wheel was of the smallest possible size 
compatible with reasonable service life. 


PROFESSOR LICKLEY’S REPLY 


He confessed that he had written certain 
parts of his paper with his tongue in his 
check and had expected much more to 
answer, but he had got off lightly, except 
perhaps from Mr. Manson, who had said that 
the production aspect was not sufficiently 
emphasised. Perhaps it had not been empha- 
sisted quite so much as it should; but stage 4, 
although far down the table showing the 
various stages, was not late in respect of time. 
It came just after the mock-up, which he did 
not think was a very late stage in the design; 
if the production people had always been put 
into that stage they would not have much 
about which to complain. 

Air Commodore Pike had suggested that 
the remarks in the paper were rather hard on 
the purchaser and on the Committee which 
was described as Advisory, but most chief 
designers seemed rather to agree that he had 
not been too cruel. It was a good thing 
perhaps to have both sides of the case put 
forward. 

He was entirely in agreement with Mr. 
Scott Hall, Mr. Camm and Mr. Edwards that 
there should be no hurry in the preliminary 
stages. Those preliminary stages, as he had 
tried to show, were most important, and to 
hurry was the last thing which would do any 
good; the early stages must be taken care- 
fully. He agreed also, that there must be the 
closest co-operation between experimental 
shop and drawing office and, although it was 
not strictly connected with his paper, he was 
of opinion that they should both be under the 
same control, that of the chief designer. 

Enthusiasm was vital. Inasmuch as air- 
craft design was an art and not a science, 
enthusiasm was much more vital than it 
might be if the subject were wholly scientific. 

As to Mr. Relf’s suggestion that the fact 
that it was an art constituted a criticism of 
research work and science, it was hardly that, 
because so many features of research work 
and of science were involved that, even if all 
the answers to the separate features were 
known, there must still remain the art of 
putting them together. 
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During the discussion he had been rather 
horrified by the idea, put forward by various 
speakers, that they must have more special- 
ists. He began to wonder what sort of man 
the chief designer would have to be who had 
to control all the specialists and ensure that 
all their ideas were properly balanced. He 
felt quite sure that, with the added com. 
plications, one of the great problems of the 
chief designer would be to ensure that one 
specialist did not have his head more than 
another and, therefore, make the design lean 
too far in one direction. The problem of 
maintaining the right balance of the design 
team, mentioned by Mr. Rowe, was pro- 
bably one of the most important, and one to 
which the chief designer must give great time 
and emphasis. But he did not agree with 
Mr. Rowe that the designer should come 
away from the design at the stage at which 
he had to become a slave-driver. He felt 
that in that event no one would do the 
slave-driving at that stage quite so well, and 
the whole design might break down. 

Mr. Scott Hall: It was likely that the design 
study would be one of the answers to this 
problem of leaving the designer freedom but 
it should be remembered that in the design 
study the design team had not at the back 


of their minds the feeling that the aero-| 
plane must be able to fly and be produced; 

consequently, a design study might be given } 
less careful attention from certain points of | 
view. 

On the face of it, the idea of an aircraft | 
designer being surrounded by a large number 
of experts was a good thing, but the designer 
himself must have a wide knowledge to 
enable him to judge which expert should be 
allowed to have the major say, at any one 
period in the design. 

It was certainly true that the early stages 
of a design must not be hurried. 

Mr. Petter: The remarks on co-ordination | 
and integrating effort were sound and a chief | 
designer unable to deal with proper flow of 
work through the design office would almost 
certainly be unable to produce a good design. 

‘Any organisation in the design office which 
broke down the barriers mentioned in the 
lecture was all to the good and, he was sure, 
would pay any firm dividends. 

Mr. Gardner: Mr. Gardner’s remarks on 
weight control were interesting and he was 
right to draw attention to the large mass of 
weight other than structure; this undoubtedly 
must be the subject of considerable attention. 
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THE EVOLUTION OF THE 


He could not agree that the IC.A.O. 
requirements were better written than the 
A.P. 970 ones, but his remarks were not 
based entirely on the writing but also on the 
substance of the requirements, of which he 
felt there were too many and they were too 
complicated. 

Mr. Hockmeyer: Mr. Hockmeyer’s plea on 
maintenance seemed to suggest that he felt 
designers paid no attention to maintenance. 
This was incorrect and he would like to state 
his own feeling that, if the detail design were 
sound, then the aeroplane was also sound 
from a maintenance aspect and further, it 
was incorrect to say that reliability need cost 
weight and accessibility cost performance. 
Undoubtedly, however, matters could be 
improved and one way of doing this was to 
allow draughtsmen and technical personnel 
the chance to see aeroplanes going together 
in the shops. 

Air Commodore Pike: The description of 
the advisory design conference was useful 
and showed that, after all, there were two 
sides to a question. 

Mr. Camm: He was grateful to Mr. Camm 
for his agreement with the statements made, 
which were no doubt familiar to him. He 
entirely agreed on the question of enthusiasm; 
without enthusiasm the design would never 
be first-class. 

He did not intend in his lecture to suggest 
that one started a new design with nothing 
else on one’s mind. In fact, he was only too 
conscious that except in a few lucky cases this 
never happened, but to go into all the various 
possibilities would have made the lecture 
lengthy and he felt that it would be necessary 
to restrict the matter and scope to the 
evolution of one design. 

The remarks on making sure that the 
overall design was satisfactory before sending 
drawings into the main drawing office were 
very important and great attention should 
always be paid to this stage of the work. 
The remarks on the fact that stressing must 
be borne in mind in the early stages as well 
as aerodynamics, were also of great impor- 
tance and showed the necessity of having 
first-class all-round men on the early stages 
of a design. 

_The table showing the target production 
time was extremely important. He felt 


emphasis should be placed on the fact that 
although the project and mock-up drawings 
extended over a period of just under three 
months, the importance of this stage was out 
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of all proportion to the short time it took and 
to complete this work in three months meant 
very great enthusiasm and effort by all 
concerned. 

Mr. Edwards: Mr. Edwards painted a 
gloomy picture of the situation relating to 
the building of aircraft and suggested that 
the aeroplane should become less elaborate 
unless it were a military design. Again the 
question of specialists was mentioned, but 
who was to control all the specialists and 
see that their work dovetailed accurately into 
the final design? 

Mr. Manson: Mr. Manson rightly empha- 
sised the need for bringing in production 
considerations in the early stages, but he 
would emphasise that stage 4 was an early 
stage and, although there might be certain 
unofficial discussions between members of 
the production team and the design team 
before the mock-up, there was little on which 
discussions could take place until the mock- 
up was actually going through. He agreed 
entirely that it was good practice to consult 
with the production people of a firm in the 
early stages and felt that Mr. Manson had 
read into the chart rather more than was 
meant. 

Mr. Rowe: The point that they should 
always make sure that they had a good basic 
aeroplane was sound and although it might 
rightly be said that a military aircraft was no 
good if it could not carry the necessary 
equipment, it was even worse if it involved 
considerable losses in training. 

Mr. Rowe’s question about who did 
research, etc. in a firm would really lead to 
another complete lecture and he had not 
included such remarks as he felt they were 
not strictly applicable to the subject. 

As to the right balance of a design team, 
he felt that they should do their best to get 
men of the widest possible aerodynamic and 
design experience and add to their general 
knowledge one or two specialists in each 
direction. He did not think that the idea of 
having a few narrow specialists in a number 
of watertight compartments worked nearly 
so well. It was, however, a matter for the 
chief designer of any firm as in cases of this 
kind personalities inevitably entered into the 
matter and allowances must be made for 
them. 

Mr. Webb: Mr. Webb drew rather a 
gloomy picture, he thought, about the present 
position in various design organisations and 
one which he did not think was altogether 


381 


2 

j : 

4 

1 

} 
| 

= 


true. He did not agree that the part-time 
system was bad; in fact, he thought that 
part-time training was a good system. Mr. 
Webb’s last two sentences appeared to him, 
if true, to show a very bad state of affairs; 
technical personnel must always be in close 
contact with aeroplanes, particularly with the 
aeroplane on which they were engaged in 
design. 

Mr. Connolly: Mr. Connolly’s comments 
were very interesting —in particular, his 
attempt to sort out what kind of a man the 
chief designer should be might be of great 
use in the future in setting up design 
organisations. 

His remarks on production and time to get 
a completely satisfactory aeroplane were of 
interest and he noted that his period of two 
and a half years to full-scale production flow 
was not greatly different to Mr. Camm’s 
statement which showed that delivery of the 
first production aircraft took place in 22 
months. 

Mr. Hughes: A great deal of thought was 
given to layout of instruments and controls— 
in particular at the mock-up conference. 
There was also a considerable amount of 
standardisation going on at the moment; but 
designers had little control over this as the 
requirements came from the operators. 

Mr. Page: Mr. Page’s statement about the 
duty of the project office was, he thought, 
sound. Unless these general investigations 
were going on, the outlook when a new design 
came along might be somewhat stunted and 
he agreed entirely with the necessity of keep- 
ing a series of sketch designs going through. 
He did not think, however that definite 
numerical proportion of the staff should be 
allotted to this work, rather one or two good 
people should be permanently employed on 
it and, as and when necessary, they should 
take on extra help. 

Mr. Smith: Mr. Smith’s points about design 
in relation to maintenance were important 


DISCUSSION 


and, if taken note of, should lead to improve- 
ment in the detail design of aircraft. The 
list he gave at the end was of matters which 
should never have reached the production 
stage of an aeroplane. 

Mr. Stafford: Only the need to limit the 
length of the lecture caused him to stop at 
the first flight in the evolution of an aero- 
plane. He quite agreed with the statement 
that from then on a considerable amount of 
intensive design work arose. 

In stating the differences between high and 
low wing arrangements, he certainly would 
not wish anyone to believe that these were 
the only ones. He did not agree that a large 
change in trim was ever a good thing, 
although it could be accepted. The quite 
simple method of linking elevator tabs to flap 
mechanism was, of course, introducing some- 
thing else to go wrong and, he felt, should be 
avoided. 

Mr. Stafford’s remarks on stalling and stall 
warning were of interest. He felt, however, 
that the design should be the best possible 
aerodynamically and, if stall warning were 
required, some proper instrument should be 
fitted to give notice of this. He felt that the 
warning should be aural rather than visual 
as, when coming in to land in particular, the 
pilot had already too many things at which 
to look. 

He agreed entirely with the remarks on 
airworthiness requirements and the writers of 
them and felt that the time had come when 
some strong attempt should be made by those 
connected with aircraft design to stop this 
rush into print before any experience was 
available. 


Mr. Wright: The point about the import- : 


ance of weight estimation in getting the 
correct wheel size was very important and 


showed once more the necessity of getting as | 


good a weight estimate as possible in the 
early stages. 
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THE ROYAL AERONAUTICAL SOCIETY 


WITH WHICH IS INCORPORATED THE INSTITUTION OF AERONAUTICAL ENGINEERS 


EIGHTY-THIRD ANNUAL REPORT 
OF THE COUNCIL 1947-1948 


Ti year 1947 may prove to be one of the more important years in the long history of 
the Society. In September there was held the first of what it is hoped will prove a long 
series of valuable aeronautical conferences jointly convened by the Institute of the Aero- 
nautical Sciences and the Society. Preparations have already begun to hold the second of 
these conferences in the United States in the Spring of 1949. 


The Council, since the holding of the Conference, have received not only many 
expressions of the outstanding value of the papers read and the discussions which took place 
at the Conference, but many requests for the holding of such meetings at regular intervals. 
The Councils of the Institute and the Society are firmly of the opinion that the value of 
these meetings is such that every effort must be made to support them to the full. 


A report of the Conference and the dinner at the Guildhall which followed was given in 
the November 1947 issue of the JouURNAL. The full proceedings have now been published 
and form a volume of 700 pages. 


During the year, following Special General Meetings, new rules for the Society were 
passed and, following a Special General Meeting and a Postal Vote, the annual subscriptions 
of members were increased, the first alteration since 1927. 


The alterations of the rules were made as a preliminary to the application for a Charter. 
A Charter Committee of the Council has been sitting during the year and it is expected that 
the Charter Petition will be filed with the Privy Council before the end of 1948. 


COUNCIL—1947-48 
PRESIDENT 


H. ROXBEE Cox, Esq., Ph.D., B.Sc., D.1.C., F.1.Ae.S., F.R.Ae.S. 


PAST PRESIDENTS 


SIR FREDERICK HANDLEY PAGE, C.B.E., F.R.Ae.S. 
Sir A. H. Roy FEppDEN, M.B.E., D.Sc., M.I.Mech.E., M.S.A.E., F.R.Ae.S. 


VICE-PRESIDENTS 


Sir JOHN S. BUCHANAN, C.B.E., A.M.I.Mech.E., F.R.Ae.S. 
W. G. A. PERRING, Esq., F.R.Ae.S. 
N. E. Rowe, C-B.E., B.Sc., D.LC., F.R.Ae:S. 


COUNCIL MEMBERS 


PROFESSOR L. AITCHISON, D.Met., B.Sc., W. S. FarReEN, Esq., C.B.E., F.R.S., F.R.Ae.S 
F.R.L.C.,_ F.R.Ae.S. Professor A. A. M.A., F.R.Ae.S. 

E. J. N. Arcupoip, Esq., B.Sc., Grad.R.Ae.S. S. Scorr Haze, Esq., A.C.G.L, MSc., 

AiR CoMMopoRE F. R. BANKS, C.B., O.B.E., F.R.Ae.S 

F.1.P., M.S.A.E., M.I.Mech.E., F.R.Ae.S. E. T. Jones, Esq., O.B.E., M.Eng., F.R.Ae.S. 

Lorp BRABAZON OF TARA, M.C., F.R.Ae.S. Sir BEN M.A., F.C.S., F.R.Ae.S 

Mayor G. P. BULMAN, C.B.E., B.Sc., F.R.Ae.S. P. G. MASEFIELD, Esq., M.A., F.R.Ae.S. 

S. Camo, Esq., C.B.E., F.R.Ae.S. Captain C. F. Uwins, A.F.C., O.B.E., F.R.Ae.S 

Dr. G. P. DouGias, O.B.E., M.C., F.R.Ae.S. Dr. H. C. Watts, M.B.E., M.Inst.C.E., F.R.Ae.S 


A. G. Ettiott, Esq., C.B.E., M.S.A.E., F.R.Ae.S. 


Honorary Librarian: J. E. HopGson, Esq.. 


Hon.F.R.Ae.S. 


Honorary Treasurer: CAPTAIN C. F. Uwins, 


F.R:Ae:S: 


Solicitor: L. A. WINGFIELD, Esq., M.C., 
D:F.C., A.R.AeS. 


Secretary: CAPTAIN J. LAURENCE PRITCHARD, 
F.I.Ae.S., Hon.F.R.Ae.S. 
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COMMITTEES OF COUNCIL 


Aerodynamics Sub-Committee 
H. B. IRvING, Esq. (Chairman) 
R. M. CLARKSON, Esq. 
D. KeitH-Lucas, Esq. 
G. H. LEE, Esq. 
H. F. VeEssey, Esq. 
A. D. YOUNG, Esq. 


Aeroelasticity Sub-Committee 
PROFESSOR A. G. PUGSLEY (Chairman) 
Dr. R. A. FRASER 
H. H. GARDNER, Esq. 
H. GRINSTED, Esq. 


Aircraft Instruments and Equipment Sub- 
Committee 
I. BOwEN, Esq. (Chairman) 
S. F. Esq. 
E. B. Moss, Esq. 
W. J. RicHARDs, Esq. 
C. G. A. WooprorD, Esq. 


Anglo-American Conference Sub-Committee 
SiR OLIVER SIMMONDS (Chairman) 
Mayor G. P. BULMAN 
Dr. H. ROXBEE Cox 
P. G. MASEFIELD, Esq. 

N. E. Rowe, Esq. 


Branches Committee 
N. E. Rowe, Esq. (Chairman) 
J. L. BATCHELOR, Esq. 
Sir JOHN BUCHANAN 
B. Buck, Esq. 
W/Copr. T. R. CAVE-BROWN-CAVE 
A. C. CLINTON, Esq. 
Dr. H. C. Watts 


Charter Committee 
Dr. H. C. Watts (Chairman) 
SiR JOHN BUCHANAN 
CaPTAIN J. L. PRITCHARD 
L. A. WINGFIELD, Esq. 


Detail Design Sub-Committee 

. W. C. WiLkins, Esq. (Chairman) 
. F. ELDERTON, Esq. 

. GOODINGE, Esq. 

. G. JOHNSON, Esq. 

. F. NEWELL, Esq. 

. A. POULTON, Esq. 

. H. SHAw, Esq. 

Wyanpb, Esq. 


Education and Examinations Committee 
W. S. FaRREN, Esq (Chairman) 
Dr. G. P. DouGLAS 
W. E. DumprILL, Esq. 
PROFESSOR A. A. HALI 
PROFESSOR F. T. HILL 
M. LANGLEY, Esq. 
AtR COMMODORE A. H. ROBSON 
W. Tye, Esq. 


Finance Committee 
CaPTAIN C. F. Uwins (Chairman) 
SIR JOHN BUCHANAN 
Mayor G. P. BULMAN 
G. H. Dowty, Esq. 
SiR BEN LOCKSPEISER 
W. G. A. PERRING, Esq. 
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Fuels and Oils Sub-Committee 
E. L. Bass, Esq. (Chairman) 
A. E. BINGHAM, Esq. 
PROFESSOR F. H. GARNER 
F. L. GaRTON, Esq. 
C. D. HOLLAND, Esq. 
G. Morris, Esq. 


General Purposes Committee 
Sirk JOHN BUCHANAN (Chairman) 
Sir A. H. Roy FEDDEN 
A. GOouGE, Esq. 
N. E. Rowe, Esq. 
SIR OLIVER SIMMONDS 
CaPTAIN C. F. Uwins 
Dr. H. C. Watts 


Grading Committee 
Dr. H. C. Watts (Chairman) 
SiR JOHN BUCHANAN 
S. Camm, Esq. 
A. C. CLINTON, Esq. 
PROFESSOR F. T. HILL 
W. G. A. PERRING, Esq. 
S. Scotr HALL, Esq. 


Journal Committee 
G. H. Dowty, Esq. (Chairman) 
AIR COMMODORE F. R. BANKS 
L. BRIDGMAN, Esq. 
WING COMMANDER C. G. BURGE 
P. G. MASEFIELD, Esq. 
Magsor R. H. Mayo 


Lectures Committee 
Major G. P. BULMAN (Chairman) 
E. T. JONEs, Esq. 
M. B. MorGan, Esq. 
N. E. Rowe, Esq. 
J. RoxBuRGH, Esq. 
S. Scott HA ti, Esq. 


Materials Sub-Committee 
PROFESSOR L. AITCHISON (Chairman) 
Dr. B. CHALMERS 
C. CHAPLEO, Esq. 
H. H. GARDNER, Esq. 
H. GRINSTED, Esq. 
W. Harpy, Esq. 
E. S. Moutt, Esq. 


Medals and Awards Committee 
W.G. A. PERRING, Esq. (Chairman) 
PROFESSOR L. AITCHISON 
W. S. FARREN, Esq. 
PROFESSOR A. A. HALL 
E. T. Jones, Esq. 
N. E. Rowe, Esq. 
S. Scott Hatt, Esq. 


Performance Panel 


H. Davies, Esq. (Chairman) 
W. J. ANNAND, Esq. 

S. R. HuGuHeEs, Esq. 

K. J. Lusn, Esq. 

D. R. NEwMan, Esq. 

R. Wuitsy, Esq. 

A. H. YATES, Esq. 
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Structures Sub-Committee Technical Committee 
W. G. A. PERRING, Esq. (Chairman) 


H. L. Cox, Esq. (Chairman) 
A. C. Brown, Esq. El. Bass. Es 
D. J. FARRAR, Esq. 1. Bowen, Esq. 
H. GOopINceE, Esq. 
sR A. H. ROY FEDDEN 
H. M. Garner, Esq. 
a H. B. IRvinG, Esq. 
E. D. Keen, Esq. PRorEssor A. G. PUGSLEY 
J. Taytor, Esq. N. E. Rowe, Esq. 


R. S. STAFFORD, Esq. 
E. W. C. Esq. 


REPRESENTATIVES ON OTHER BODIES 


General Board of the National Physical Laboratory: Sir Frederick Handley Page and Mr. A. 
Gouge. 

Royal Society—Scientific Information Conference: Professor A. A. Hall. 

Royal Society—National Committee: Professor A. A. Hall. 

Royal Society-—International Union of Theoretical and Applied Mechanics: Professor A. A. 
Hall. 

Royal Society of Arts—Conference on the proposed 1951 Exhibition: Sir Frederick Handley 
Page. 

Institution of Electrical Engineers—Committee on Regulations for the Electrical Equipment 
of Aircraft: Mr. C. G. A. Woodford. 

Institution of Electrical Engineers—Committee on Radio Equipment for Civil Aircraft: Mr. 
C. H. Jackson. 

Institution of Mechanical Engineers—National Certificates and Diplomas in Mechanical 
Engineering: Professor F. T. Hill and Sir Frederick Handley Page. 

Engineering Joint Council: Dr. H. Roxbee Cox and Sir Oliver Simmonds. 

Engineering Joint Council—Special Education Representative: Professor G. T. R. Hill. 

College of Aeronautics: Sir Roy Fedden and Dr. H. Roxbee Cox. 

British Gliding Association: Mr. G. H. Lee. 

British Standards Institution—Nomenclature Committee: Dr. D. M. A. Leggett. 

British Standards Institution—Aircraft Committee: Sir Roy Fedden and Mr. A. Gouge. 

British Standards Institution—Jewels and Pivots for Instruments Committee: Major B. W. 
Shilson. 

Segrave Trophy Committee: Major R. H. Mayo. 

City & Guilds of London Institute—Advisory Committee on Aeronautical Engineering 
Practice: Mr. K. T. Spencer, Sir A. H. Roy Fedden, Professor R. L. Lickley and Capt. 
J. L. Pritchard. 

Association of Special Libraries and Information Bureaux: Mr. J. E. Hodgson (Honorary 
Librarian). 

National Central Library: Mr. J. E. Hodgson (Honorary Librarian). 


MEMBERSHIP 


The membership of the Society in 1947 showed an increase of 484 subscribing 
members in comparison with the figure of 754 for 1946. The rate of increase must be 
expected to decline, for a while, but the present position must be considered satisfactory. 


Paid Life and 
Grade Members Hon. Members Suspended Totals 
Fellows 356 (313) 36 (33) 3 (2) 395 = (348) 
Associate Fellows ... 2032 (1741) It 39 (33) 2082 (1785) 
Associates... 2009 (1831) 4 (5) 120 (130) 2133 (1966) 
Graduates... 675 (643) — (—) 29 (14) 704 (657) 
Students 1111 (1176) - (—) 88 (120) 1199 (1296) 
Founder Members ... — 15 (13) 1 (1) 2 (3) 18 (17) 
Companions ... 202 7 (8) 27 ~=—(10) 246 =(235) 
Temp. Hon. Members (—) 35 (30) 35 (30) 
Dec. 31st 1947 a . 6410 (5934) 94 (88) 308 (312) 6812. (6334) 


NOTE—Figures i in brackets give the membership at December 1946. 
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ANNUAL GENERAL MEETING 


The Annual General Meeting of the Royal Aeronautical Society was held in the offices 


of the Society on 28th March, 1947 at 6 p.m. 


Present: Sir Frederick Handley Page (President) in the Chair. 


E. J. N. Archbold (Graduate) J. L. Jameson (Associate Fellow) 
D. Baxter (Associate) Dr. D. M. A. Leggett (Associate Fellow) 
J. Bell (Associate) Sir Ben Lockspeiser (Fellow) 
Griffith Brewer (Hon. Fellow and Past L. Mawer (Associate Fellow) 
President) Sir Francis McClean (Fellow) 
Sir John S. Buchanan (Fellow) Miss E. Merchant (Associate) 
H. K. Cartwright (Associate) Lt. (A) T. M. Myles (Associate) 
A. J. Clark (Associate Fellow) G. Newbery (Associate Fellow) 
K. W. Clark (Associate Fellow) H. F. Parkin (Student) 
Dr. H. Roxbee Cox (Fellow) W. G. A. Perring (Fellow) 
A. F. Cressall (Associate Fellow) G/Capt. G. Silyn Roberts (Associate 
C. H. Cumberland (Associate Fellow) Fellow) 
G/Capt. W. N. Cumming (Associate Fellow) N. E. Rowe (Fellow and Vice-President) 
M. J. B. Davy (Fellow) J. G. Roxburgh (Graduate) 
Dr. G. P. Douglas (Fellow) W. P. Savage (Fellow) 
C. Robson Elgie (Associate) Major B. W. Shilson (Fellow) 
A. G. Elliott (Fellow) D. C. Smith (Associate Fellow) 
W. S. Farren (Fellow) F/Lt. S. Smoleniec (Associate Fellow) 
G. W. Frankland (Associate) Captain C. F. Uwins (Fellow) 
A. H. C. Greenwood (Associate) G/Capt. G. E. Watt (Associate Fellow) 
S. Scott Hall (Fellow) Dr. H. C. Watts (Fellow) 
J. M. Hands (Graduate) W. Wilkins (Associate) 
Professor F. T. Hill (Fellow) J. A. C. Williams (Associate Fellow) 


G. Ingram (Associate) 
In attendance: The Secretary and Miss Barwood. 


The Secretary read the Notice convening the Meéting. 


The Report of the Council on the state of the Society and the Balance Sheets of Aerial 
Science Limited and Aeronautical Trusts Limited for the year ended 31st December 
1946 were presented for the information of Members. 

The adoption of the Report and Balance Sheets was proposed by Sir Frederick 
Handley Page and seconded by Dr. H. Roxbee Cox, and carried. 


As a result of the Ballot the Secretary reported the following nominations to fill the 
vacancies on the Council: 


Prof. L. Aitchison Dr. H. Roxbee Cox 
Major G. P. Bulman S. Scott Hall 

S. Camm P. G. Masefield 

W. S. Farren Captain C. F. Uwins 
Prof. A. A. Hall Dr. H.C. Watts 


The Secretary read the names of those proposed for Fellowship and passed by the 
Council, as follows: 


G. H. Abell : _ H. P. Fraser 

H. Bateman G. W. H. Gardner 
W. G. Bickley R. Graham 

S. Brodetsky J. Hanson 

A. Buchanan Barbour F. Holroyd 

W. C. Clothier S. G. Hooker 

C. H. Colvin J. S. Irving 

W. E. Cooper G. Hi. Lee 

S. D. Davies M. Luby 


S. G. Ebel G. J. Mead 
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F. W. Meredith J. R. Standring 
N. S. Muir W. L. Taylor 
W. D. Murray G. Temple 

H. C. Pritchard W. Tye 

C. G. Pullin H. F. Vessey 

T. Rowntree R. H. Walmsley 
H. Sammons L. W. Warner 
R. H. Schlotel G. E. Watt 

G. Silyn Roberts C. G. Williams 
G. T. Smith-Clarke J. Wright 


5. Mr. C. R. Elgie (Associate) proposed that Messrs. Price Waterhouse be re-appointed 
Auditors for the ensuing year for Aerial Science Limited and Aeronautical Trusts 
Limited. Sir Francis McClean seconded the proposal, which was passed unanimously. 


6. The Meeting finished at 6.30 p.m. 


DONATIONS 


The Council, for the 23rd year in succession, have to thank the Society of British Air- 
craft Constructors for their annual grant of £250 to the Funds of the Society. 

The Endowment Fund in 1946 reached a total of £133,719 13s. 8d., and in 1947 stands 
at £135,104 6s. 8d. 

It is hoped that all members of the Society will constantly bear the Fund in mind. 


TECHNICAL COMMITTEES 


During the year 1947 the Society’s technical activities continued to expand. There are 
now technical sub-committees on Structures, Aerodynamics, Detail Design, Fuels and Oils, 
Materials, Aircraft Instruments and Equipment. These committees are now actively engaged 
in collecting and sifting existing technical information with a view to its publication in the 
form of either data sheets or monographs. The function of data sheets is to present the 
latest available information in a graphical form which is easy to apply; the purpose of mono- 
graphs is to give an account of the present state of the knowledge of each subject in a form 
which will provide the young technician with the knowledge he requires on entering the 
Aircraft Industry, and which at the same time will provide a work of reference for the 
fully trained aeronautical engineer. 

Some of these data sheets are already being widely used in the Industry in this country 
and in the United States of America, and there is no question that they are adding very much 
to the reputation of the Society in both countries. It is hoped that the first of the new 
monographs will be available by the end of the year, and these too are expected to be of 
very great value to the Aeronautical Industry as well as to engineering generally. 


PRESIDENT AND VICE-PRESIDENTS 
At a Special General Meeting held on 7th August 1947 the following resolution was 
passed unanimously : — 

That the President and Vice-Presidents elected in May or June 1947 under the 
rules then operative, to take office on Ist October 1947 and to serve for one year, shall 
continue in office until the May meeting of the Council in 1949 notwithstanding any- 
thing to the contrary contained in Rules 20 and 23 of the Society. 


PRESIDENT 


Dr. H. Roxbee Cox, B.Sc., D.LC., F.I.Ae.S., F.R.Ae.S. was elected President of the 
Society to serve from Ist October 1947 to May 1949. 


VICE-PRESIDENTS 
The following were elected Vice-Presidents of the Society to serve for the period Ist 
October 1947 to May 1949. 
Sir John Buchanan, C.B.E., A.M.I.Mech.E., F.R.Ae.S. 
W.G. A. Perring, Esq., F.R.Ae.S. 
N. E. Rowe, Esq., C.B.E., B.Sc., D.LC., F.R.Ae.S. 
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MEDALS AND AWARDS 
es : The following awards were made during the year. 
- Simms Gold Medal: Professor L. Aitchison, D.Met., B.Sc., F.R.LC., F.R.Ae.S. 
. a sont reg George Taylor (of Australia) Gold Medal: Professor A. R. Collar, M.A., D.Sc.. 
.R.Ae.S. 
Wakefield Gold Medal: Edwin Link. 
Society's Silver Medal: W. G. Carter, F.R.Ae.S. 
R.38 Memorial Prize: J. K. Hardy. 
Edward Busk Memorial Prize: J. Smith, C.B.E., A.M.LA.E., F.R.Ae.S. 


Elliott Memorial Prize: Corporal Air Apprentice A. E. Dyer 
Corporal Air Apprentice W. C. Milne. 


Baden Powell Memorial Prize: Aircraftsman H. S. Liner. 
(Awarded to the best student in the December Associate Fellowship Examination.) 


HONOURS 
Members who received honours from H.M. The King during 1947 were as follows:— 


NEw YEAR HONoURS—JANUARY 1947. 
K.C.LE. 
Sir F. Tymms, K.B., A.C.G.I., M.C., Fellow. 
K.C.B. (Military Division) 
Air Vice-Marshal A. C. Collier, C.B., C.B.E., Associate Fellow. | 
C.B. (Military Division) 
Air Commodore F. Whittle, C.B.E., B.A., Fellow. 
C.B.E. (Military Division) 
Air Commodore E. J. D. Townsend, B.A., M.Inst.Met., Fellow. 
C.B.E. 
W. G. Carter, Fellow. 
O.B.E. 
A. Hillier, Companion. 
M.B.E. (Military Division) 
F/Lt. Ralph Brown, D.F.M., Associate. r 


Air Force Cross 
P/O J. W. Stone, Student. K. J. Sewell, D.F.M., Associate. 


S/Ldr. E. J. Spencer, Associate. 
King’s Commendations for Valuable Service in the Air 
E. O. Draper, Associate Fellow. 


BIRTHDAY HONOURS—JUNE 1947. 
Knight Batchelor 

Major H. R. Kilner, Companion. 
C.B.E. (Military Division) 

Group Captain F. A. Norton, M.Sc., M.I.Mech.E., M.Inst.T., Fellow. 
M.B.E. (Military Division) 

Lt. (A) E. Grocock, R.N., Associate. 
O.B.E. (Military Division) 

Wing Commander W. L. Houlbrook, A.M.Inst.C.E., Associate Fellow. 
C.B.E. (Civil) 

C. C. Walker, A.M.Inst.C.E., Fellow. 


O.B.E. 
Miss F. B. Bradfield, M.A., Fellow. R. E. Hardingham, Associate Fellow. 
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AFC. 

Wing Commander Elmer Coton, D.F.C., Lt. Cmdr. (A) E. M. Brown, O.B.E., 

Associate. D.S.C., Associate. 

Other honours conferred on members during 1947 included : — 
American Medal of Honour 

Dr. H. Roxbee Cox, President, was presented with the American Medal of Honour with 
Silver Palm at a ceremony at the American Embassy in August 1947. The presentation 
was made by Major-General Clayton L. Bissell. The citation stated that Dr. Roxbee Cox 
rendered exceptionally meritorious service to the Government of the United States, from 
September 1941 to September 1945, in connection with the development of turbo-jet and 
turbine aircraft engines. 


Belgian Memorial Medal 

Dr. H. Roxbee Cox also received the Memorial Medal of the University of Louvain. 
American Legion of Merit 

Air Commodore F. R. Banks, C.B., O.B.E., Fellow of the Society, was appointed a 
Commander of the Legion of Merit by the President of the United States for valuable 
assistance and services rendered to the United States Navy during the late war in connection 
with the development of aero-engines of all types, including gas turbines, as well as propellers 
and engine accessories. 

Captain (E) M. Luby, R.N., Fellow of the Society, was appointed by the President of the 
United States to the Legion of Merit, Degree of Officer, for services rendered to American 
Service personnel on matters connected with aero-engine development during the late war. 


Institute of the Aeronautical Sciences 
The Council of the Institute made the following elections during 1947:— 
To Honorary Fellowship: Sir Geoffrey de Havilland, F.R.Ae-.S. 
To Fellowship: Dr. H. Roxbee Cox, F.R.Ae.S.; Captain J. Laurence Pritchard, 
Hon.F.R.Ae.S. 

Under the rules of the Institute not more than one Honorary Fellow, residing outside 
the United States, nor more than ten Fellows, residing outside the United States, may be 
elected in one year. 

Dr. H. Roxbee Cox and Captain J. Laurence Pritchard are the only two foreign 
Fellows elected by the Institute since 1939. 

The Guggenheim Medal 

Air Commodore Frank Whittle, C.B.E., F.R.Ae.S., was awarded the Daniel Guggen- 
heim Medal in America in 1947. The award is for an outstanding achievement in 
aeronautics. 


SOCIETY OF BRITISH AIRCRAFT CONSTRUCTORS’ SCHOLARSHIPS 
The following were awarded scholarships by the Selection Committee of the Society of 
British Aircraft Constructors and the Royal Aeronautical Society :— 
D. Fletcher—S.B.A.C. Educational Grant, apprenticeship at Saunders-Roe, Isle of Wight. 
D. I. Powell—S.B.A.C. Educational Grant, apprenticeship at the Fairey Aviation Co. 
Ltd., Hayes. 
R. H. Hayward—John de Havilland Scholarship, apprenticeship at The de Havilland 
Aircraft Co. Ltd., Hatfield. 


H.R.H. THE PRINCESS ELIZABETH, DUCHESS OF EDINBURGH 


A message of loyal greetings was sent to H.M. the King, Patron of the Society, by the 
President on behalf of alli members of the Society, on the occasion of the marriage of 
H.R.H. the Princess Elizabeth to H.R.H. the Duke of Edinburgh. 


WILBUR WRIGHT MEMORIAL LECTURE 


Mr. John K. Northrop, President of Northrop Aircraft Inc., read the 35th Wilbur Wright 
Memorial Lecture on the 29th May, 1947 on “The Development of All-Wing Aircraft. A 
full report of this Lecture was published in the JouRNAL of the Society for June 1947 (p. 481). 
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BRITISH COMMONWEALTH AND EMPIRE LECTURE 

Mr. James Bain, Director of Engineering and Maintenance, Trans-Canada Air Lines, 
read the Third British Commonwealth and Empire Lecture on 30th October 1947 on “Air- 
craft and the Air Lines—a Canadian View.” A full report of this lecture was published in 
the JouRNAL of the Society for April 1948. 


LECTURES 


The following lectures were arranged during 1947: 

16th January 1947—In Occupied Japan—a Film. Shown by W. Courtenay. 

30th January 1947—Development of Air Transport During the War, by Air Marshal the 
Hon. Sir Ralph Cochrane. 

27th March 1947—The War in the Ether, by Air Vice-Marshal E. B. Addison 

10th April 1947—A Review of Production Difficulties in Relation to Aircraft Design, by 
C. E. Fielding. 

17th April 1947—Testing Civil Aircraft, by P. A. Hufton. 

24th April 1947—The Prevention of Fire in Aircraft, by Dr. J. W. Drinkwater and W. G. 
Glendinning. 

7th May 1947—Discussion on Naval Aircraft. A Full-Day Discussion at which the following 
papers were read :— 
A Survey of the Technical Problems of the Design of Naval Aircraft, by W. S. Farren. 
Naval Aircraft and Carrier Equipment, by L. Boddington. 
Operational Flying, by Commander F. M. A. Torrens-Spence. 
Films illustrating Deck Landing, shown by W. G. A. Perring. 

8th May 1947—The Development of the Goblin Engine, by E. S. Moult. 

9th October 1947—The Pressurisation of Aircraft, by W. M. Widgery. 

23rd October 1947—The Problem of High Temperature Alloys for Gas Turbines, by Sir 
William T. Griffiths. 

6th Pog ame 1947—Some Recent Developments in the Landing Gear Field, by Captain 
R. Lucien. 

4th December 1947—Problems Facing Civil Airline Operations, by N. E. Rowe. 

18th December 1947—The Work of the High Speed Tunnel, by Professor A. Thom and 
W. G. A. Perring. 


BRANCHES. 


1947 has been another successful year for the Branches with a great increase in their 
activities as shown by the large number of technical meetings, visits and discussions which 
have been held during the year. 

Many visits have been made to the Branches by the President of the Society and Mr. 
N. E. Rowe, the Vice-President responsible for Branches, and other members of the Council 
and the Branches Committee. The Branches appreciate these visits, and the co-operation 
between the Branches and the Society is growing much closer. 


GRADUATES’ AND STUDENTS’ SECTION 


The Section had a successful year during which its activities continued to develop and 
expand. In the session beginning in April 1947, twelve technical meetings were held and 
were attended by more than 420 members and visitors. Three visits were made to aircraft 
works and establishments. 

Since the December 1947 issue, a report of the Section’s activities has appeared each 
month in the JoURNAL. This report should prove a most valuable means of reaching members 
who are unable to attend the Section’s meetings. 
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Committee 

The affairs of the Section have been managed during this session by a Committee 
consisting of the following : — 

Chairman: R. J. Ross, Graduate; Vice-Chairman: R. L. E. Toms, Graduate; Hon. 
Secretary: J. G. Roxburgh, Graduate; Asst. Hon. Secretary: M. C. Campion, Graduate; 
E. J. N. Archbold, Associate Fellow, Past Chairman and ex officio member; F. H. Bond, 


_ Graduate; G. S. Cranwell, Graduate; P. F. N. Edwards, Student; J. W. F. Housego, 


Graduate; G. Jackson, Graduate; K. R. Obee, Graduate; J. C. Wallin, Graduate. 

The Committee accepted, with regret, the resignations of R. J. Ross and G. Jackson on 
their leaving the London area. J. W. F. Housego was elected Chairman for the remainder 
of the session in place of Mr. Ross. 


Technical Meetings 
The following technical meetings were held during the session: — 

2nd May 1947—The Flight Testing of Aircraft, by R. Muspratt, A.R.Ae.S. 

20th May 1947—P.I.C.A.O. Requirements, by D. R. Newman, A.F.R.Ae.S. 

10th June 1947—Radio Aids to Air Navigation, by F. R. Willis, A.F.R.Ae.S. 

23rd September 1947—The Structural Design of Wings, Discussion opened by F. Tyson, 
A.F.R.Ae.S. 

2Ist October 1947—Rocket Propulsion and Interplanetary Flight, by A. V. Cleaver, 
A.R.Ae.S. 

4th November 1947—Maintenance Difficulties in the Field, by M. J. a A.R.AeS. 

19th November 1947—Aircraft Photography, by J. Yoxall. 

12th December 1947—Aircraft Design from the Airline Point of View, by C. Dykes. 

20th January 1948—Films about the Helicopter, lent by the Bell Helicopter Co. Com- 
mentary by Captain Turner and Captain Youell. 

10th February 1948—Some Problems of Stability and Control, by D. J. Lyons. 

25th February 1948—The Principles of Boundary Layer Control and Suction Aerofoils, by 
B. Thwaites. 

14th April 1948—The Influence of Recent Civil Airworthiness Requirements on Civil Air- 
craft Design, by W. Tye, F.R.Ae.S. 


Visits 
The following visits were made by members of the Section, the average attendance 
being 25: — 
Sth July 1947—National Physical Laboratory, Teddington. 
30th August 1947—Miles Aircraft Co. Ltd., Reading. 
17th September 1947—De Havilland Aircraft Co. Ltd., Hatfield. 
A visit to the Meteorological Office, Dunstable, was cancelled. 


Work of Committee 


In addition to arranging the Section’s activities, the Committee considered matters 
affecting the Section and its members, and forwarded a number of recommendations to the 
appropriate Committees of Council. The Society agreed to the Committee’s proposal that 
Student membership subscriptions should be graduated according to age and that there 
should be no increase in the subscriptions of Students under 21. The Committee also 
recommended that the Society’s all-day discussions should take place at week-ends as many 
younger members were unable to attend all-day meetings held during the week. At the 
request of the Medals and Awards Committee, the problem of lack of entrants for the 
Society’s junior prizes was considered and means were suggested of stimulating interest in 
these awards. The Committee’s request for an annual allowance to meet the Section’s run- 
ning expenses was granted by the Council, and the Section also received permission to 
publish a monthly report of its activities in the JOURNAL. In addition, the Committee made 
a number of recommendations dealing with the new examinations for Associate Fellowship. 
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Social Activities 

The Annual Dance was held at the Royal Hotel, Woburn Place, W.1, and was attended 
by the President, Dr. Roxbee Cox, and Mrs. Roxbee Cox, who were guests of the Section. 
The function was successful but the number of members who attended was less than the 
previous year. 
ACKNOWLEDGMENTS 

The Section wishes to record its sincere thanks to Captain Pritchard for his active 
support and encouragement, and to the staff of the Society for their kind assistance. 

The Section also wishes to thank those who prepared and read papers at its meetings. 

In conclusion, the Section thanks the Director of the National Physical Laboratory, and 
the managements of Miles Aircraft Co. Ltd., and The de Havilland Aircraft Co. Ltd., for 
permitting members to visit their establishments and to all those who helped to ensure the 
success of these visits. 

ASSOCIATE FELLOWSHIP EXAMINATIONS 

There was again a marked increase in the number of candidates taking the examinations, 
both in this country and various centres abroad. 

The following were successful in the Associate Fellowship Examinations held in May 
1947: — 

J. M. Allwright, Design (Aero-Engines); G E. Archdale, Strength of Aeronautical 
Materials and Structures (First Place), Design (Aircraft); P. W. Baker, Applied Mathematics, 
Theory of Internal Combustion Engines, Design (Aero-Engines) (First Place); D. F. 
Barnes, Applied Mathematics, Strength of Aeronautical Materials and Structures; P. B. 
Benham, Applied Mathematics; A. Berrington, Pure Mathematics; G. B. Bhide, Aero- 
dynamics; G. Boyce, Theory of Machines; P. A. Budden, Aerodynamics; J. J. Bukovsky, 
Air Transport; H. Busen-Schmidt, Theory of Internal Combustion Engines .First Place); 
S. A. Caplan, Pure Mathematics; H. K. Cartwright, Pure Mathematics; L. J. Chantler, 
Pure Mathematics, Theory of Machines; W. G. Clennett, Pure Mathematics (First Place), 
Strength of Aeronautical Materials and Structures, Aircraft Materials; J. R. Combley, 
Aerodynamics, Design (Aircraft); H. Cook, Design (Aero-Engines); T. N. Corkhill, Applied 
Mathematics, Strength of Aeronautical Materials and Structures, Aerodynamics; E. Coton, 
Applied Mathematics, Aerodynamics, Meteorology; B. G. Cour-Palais, Theory of Internal 
Combustion Engines; E. N. Crabbe, Aerodynamics; K. D. Crisp, Pure Mathematics, Theory 
of Machines (First Place); N. S. Currey, Strength of Aeronautical Materials and Structures; 
Miss J. L. Davis, Pure Mathematics, Strength of Aeronautical Materials and Structures; 
E. D. Dixon, Pure Mathematics; J. Dolezal, Aerodynamics (First Place), Air Transport 
(First Place); J. Dorsey, Aircraft Materials; A. A. Down Applied Mathematics; F. A. 
Drayton, Aircraft Materials; Miss J. R. Duncan, Pure Mathematics; G. D. Evans, Theory 
of Machines; A. Fairbrother, Aerodynamics; P. L. E. Gallimore, Aerodynamics; F. R. 
Gibb, Applied Mathematics, Strength of Aeronautical Materials and Structures, Aero- 
dynamics; Miss D. Gwynne, Pure Mathematics; N. T. W. Harper, Theory of Internal 
Combustion Engines; L. H. W. Harris, Applied Mathematics; P. A. Hatswell, Theory of 
Internal Combustion Engines; J. M. Johnston, Applied Mathematics, Strength of Aero- 
nautical Materials and Structures, Design (Aircraft); J. G. Jones, Applied Mathematics (First 
Place); J. B. E. Keeble, Pure Mathematics; E. D. King, Theory of Machines; R. E. 
Lambert, Theory of Machines; R. A. Langley, Pure Mathematics, Aerodynamics, Theory of 
Internal Combustion Engines; M. P. Le Lohe, Applied Mathematics; A. Lewandowski, 
Design (Aero-Engines); K. Macewicz, Design (Aero-Engines), Theory of Machines; S. H. 
Masters, Aircraft Materials; R. L. McCallum, Design (Aero-Engines); M. P. McHeffey, 
Applied Mathematics, Strength of Aeronautical Materials and Structures, Design (Aircraft); 
G. McIntosh, Strength of Aeronautical Materials and Structures, Aerodynamics; A. Measures, 
Strength of Aeronautical Materials and Structures; J. A. S. Moir, Pure Mathematics; E. 
Mucha, Theory of Internal Combustion Engines, Design (Aero-Engines); U. N. Nayak, 
Theory of Internal Combustion Engines; G. F. Perry, Strength of Aeronautical Materials 
and Structures; J. W. Piggott, Meteorology and its Application to Aeronautics; K. G. 
Rendle, Strength of Aeronautical Materials and Structures; G. C. Ricketts, Aerodynamics; 
J. H. Risdon, Theory of Machines; G. I. Robinson, Applied Mathematics, Strength of Aero- 
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nautical Materials and Structures, Design (Aircraft); R. R. Robinson, Pure Mathematics, 
Strength of Aeronautical Materials and Structures, Aircraft Materials; R. C. Rogers, Theory 
of Internal Combustion Engines, Aircraft Materials, Applied Mathematics; J. G. Romeril, 
Theory of Internal Combustion Engines, Design (Aero-Engines); D. N. Scard, Applied 
Mathematics, Aerodynamics; L. J. A. Sice, Applied Mathematics; L. Stern, Theory of 
Internal Combustion Engines, Theory of Machines; C. G. A. Stillaman, Aircraft Materials; 
R. Szymanski, Applied Mathematics, Design (Aero-Engines); D. L. Taylor, Pure 
Mathematics; J. B. Thompson, Pure Mathematics; H. Titmuss, Strength of Aeronautical 
Materials and Structures; J. A. Tupman, Applied Mathematics, Design (Aircraft); R. A. 
Vair, Pure Mathematics, Strength of Aeronautical Materials and Structures, Aircraft 
Materials; J. H. Walmsley, Design (Aircraft); J. Walmsley, Pure Mathematics. 


The following were successful in the Associate Fellowship Examination held in 
December 1947: — 


HOME 
W. J. Allen, Strength of Aeronautical Materials and Structures, Theory of Machines; 
J. Ansell, Pure Mathematics; R. J. Barnard, Applied Mathematics; H. G. Bell, Pure 
Mathematics; V. M. G. Bennett, Pure Mathematics; R. A. Berridge, Pure Mathematics, 
Strength of Aeronautical Materials and Structures, Design (Aircraft); G. W. Bleasdale, 
Theory of Machines; A. A. Blythe, Pure Mathematics, Strength of Aeronautical Materials 
and Structures; E. L. Bond, Applied Mathematics; F. R. J. Britten, Pure Mathematics, 
Strength of Aeronautical Materials and Structures; D. W. Bryer, Applied Mathematics, 
Theory of Machines; J. Bunting, Applied Mathematics; T. D. R. Carroll, Design (Aircraft); 
R. Cash, Applied Mathematics, Theory of Machines; R. S. Challender, Theory of Internal 
Combustion Engines; L. J. Chantler, Design (Aircraft); J. B. Chaplin, Theory of Machines; 
G. B. Charter, Applied Mathematics, Theory of Internal Combustion Engines; J. K. 
Chaudhuri, Applied Mathematics; P. Child, Pure Mathematics, J. F. Clarke, Design (Aero- 
Engines); A. L. Cole, Pure Mathematics; K. W. Course, Design (Aero-Engines); E. N. 
Crabbe, Pure Mathematics; K. D. Crisp, Applied Mathematics; R. D. Dale, Design (Aero- 
Engines); J. L. Davis (Miss), Aerodynamics; H. D. Denchfield, Applied Mathematics; A. 
A. Down (Sgt.), Theory of Internal Combustion Engines; G. G. Drummond, Applied 
Mathematics; J. R. Duncan (Miss), Strength of Aeronautical Materials and Structures; B. 
Eales, Applied Mathematics, Theory of Machines (tie Ist place), Design (Aero-Engines); 
W. L. Farish, Theory of Internal Combustion Engines, Design (Aero-Engines); D. J. Fermo, 
Applied Mathematics, Theory of Machines, Design (Aero-Engines); J. A. Fuller, Applied 
Mathematics, Theory of Machines; J. R. D. Fuller, Applied Mathematics, Theory of 
Machines; O. D. Furlong, Design (Aircraft); E. Gearceoura, Applied Mathematics, Theory 
of Machines; J. Gilchrist, Strength of Aeronautical Materials and Structures; F. Glew, Design 
(Aircraft); P. M. Gray, Applied Mathematics, Theory of Machines, Design (Aero-Engines); 
P. C. Grigg, Aircraft Materials; D. Gwynne (Miss), Strength of Aeronautical Materials and 
Structures; A. L. Hall, Pure Mathematics; B.A. Harding, Pure Mathematics; B. J. Hastings, 
Pure Mathematics; W. G. Hearle, Theory of Internal Combustion Engines (First Place); 
W. R. Hoskin, Design (Aero-Engines); R. R. Howlett, Applied Mathematics, Theory of 
Machines, Design (Aero-Engines); D. I. Hunt, Applied Mathematics; J. Hurry, Pure 
Mathematics; A. E. Jefferson, Pure Mathematics, Theory of Internal Combustion Engines, 
Aircraft Materials (First Place); R. F. Jelly, Design (Aircraft); A. S. Johnston, Aircraft 
Instruments (First Place); R. E. Lambert, Pure Mathematics, Design (Aircraft); C. D. 
Langley, Applied Mathematics; K. Lavanchy, Applied Mathematics; M. P. Le Lohe, Design 
(Aircraft); T. McCloghry, Applied Mathematics, Theory of Machines; J. McPherson, 
Applied Mathematics (tie First Place), Theory of Internal Combustion Engines, Design 
(Aero-Engines); G. Maidanik, Applied Mathematics, Theory of Internal Combustion 
Engines, Theory of Machines; J. G. Male, Pure Mathematics; J. M. Marshall, Design (Aero- 
Engines); §. H. Masters, Applied Mathematics, Strength of Materials; J. C. Martin, Pure 
Mathematics; A. Measures, Design (Aircraft) (First Place); R. Melling, Applied 
Mathematics, Theory of Machines, Design (Aero-Engines) (First Place); H. C. H. Mere- 
wether, Applied Mathematics (tie First Place), Theory of Machines, Design (Aero-Engines), 
H. H. Morgan, Applied Mathematics, Theory of Machines; D. A. O’Clarey, Applied 
393 


| 
| 
ry of 
\ero- 
First 
ry of 
wski, 
>. H. 
raft); 
ures, 
yak, 
rials 
.G. | 
nics; 
.ero- 


EIGHTY-THIRD ANNUAL REPORT OF THE COUNCIL 


Mathematics, Theory of Machines, Design (Aero-Engines); F. A. A. Palmer, Pure 
Mathematics; T. Papis (F/O), Pure Mathematics, Theory of Internal Combustion Engines, 
Theory of Machines; T. Pasternak, Applied Mathematics, Theory of Machines; L. C. Pitt, 
Aircraft Materials; J. M. Ramsden, Pure Mathematics; G. Reed, Applied Mathematics, 
Theory of Internal Combustion Engines, Theory of Machines; J. H. Risdon, Design (Aero- 
Engines); J. G. Russell, Applied Mathematics, Aerodynamics (First Place); G. P. Sandeman 
(Miss), Pure Mathematics; D. Scard, Design (Aircraft); H. Busen-Schmitz, Design (Aero- 
Engines); D. M. S. Simpson, Pure Mathematics; C. E. Tharratt, Theory of Machines; A. M. 
Thompson, Pure Mathematics, Theory of Machines; P. J. W. Tuffs, Aerodynamics, Theory 
of Machines (tie First Place), Design (Aircraft); S. A. Urry, Pure Mathematics (First Place), 
Strength of Aeronautical Materials and Structures, Aerodynamics; D. W. R. Vincent, Design 
(Aircraft); G. D. Walley, Pure Mathematics; H. L. Wallis, Applied Mathematics, Theory of 
Machines; P. D. Walters, Strength of Aeronautical Materials and Structures; K. R. Warren, 
Applied Mathematics; J. A. Webb, Navigation and its Application to Aeronautics; G. A. 
Willis, Applied Mathematics, Theory of Machines, Wireless Telegraphy and Telephony and 
their Applications to Aeronautics (First Place); D. F. Wilson, Pure Mathematics; C. C. Wood, 
Aircraft Materials: N. Woodwell, Applied Mathematics; A. J. Wright, Pure Mathematics; 
W. B. Wright, Pure Mathematics; M. A. Yusuf, Pure Mathematics. 

ABROAD 


M. S. Balasubramanian (Madras), Theory of Internal Combustion Engines; J. G. 
Borman (Pretoria), Aircraft Materials; A. Cooke (Montreal), Air Transport; F. J. Dorsey 
(Calgary), Strength of Aeronautical Materials and Structures; F. J. Edwards (F/Sgt.) 
(B.A.F.O.), Applied Mathematics; A. H. S. Fernando (Bombay), Design (Aircraft); Md. 
Sultan Husain (Aligarh), Pure Mathematics; F. D. Jooste (Pretoria), Theory of Internal 
Combustion Engines; H. S. Liner (Bulawayo, S. Rhodesia), Applied Mathematics (tie First 
Place), Aircraft Design (First Place), Aerodynamics (First Place); H. A. R. Rao (Bangalore), 
Applied Mathematics; S. Krishnaswami Rao (Bangalore), Strength of Aeronautical Materials 
and Structures (First Place); G. D. Sadhwani (Bombay), Pure Mathematics; L. S. W. Smyth 
(Melbourne), Aircraft Materials; L. Townend (W/O) (Singapore), Navigation and its Appli- 
cation to Aeronautics (First Place); T. V. Trinder (Pretoria), Aircraft Materials. 


GARDEN PARTY 


By the kindness of the Society of British Aircraft Constructors and the President, Sir 
Frederick Handley Page, the Society’s annual Garden Party was held at Radlett Aerodrome 
on Sunday, 14th September 1947. 

The Society of British Aircraft Constructors and the aircraft and accessory companies 
concerned, some two hundred in all, generously agreed to keep their Display and Exhibition 
in being specially for members of the Society and their friends. The President of the Society, 
Sir Frederick Handley Page, kindly consented to make the aerodrome at Radlett available 
to the Society for the day. 

More than 6,000 members and their guests attended, and the Council wish to place on 
record the thanks of all members of the Society for the outstanding help given to the 
Society by the Society of British Aircraft Constructors, the many firms in the Industry which 
provided the static display and the flying exhibition, to the aerodrome staff. and to those 
pilots who gave such a remarkable flying display. 


GIFTS TO THE SOCIETY 


The Council gratefully acknowledge the gift of books, photographs, films, lantern slides, 
historical papers, early flying programmes, model aeroplanes, air mail covers and back 
numbers of the JOURNAL. All gifts have been acknowledged in the Monthly Notices of the 
JOURNAL. 

The Council particularly wish to draw attention to the following items which have been 
acquired during the year. 

In October 1947 the remarkable Hodgson-Cuthbert Collection, which was first formed 
in 1820, was acquired by the Society through the generosity of Sir Frederick Handley Page. 
This collection, one of the finest and most complete in existence, consists of rare aero- 
nautical books and prints covering the history of flight. 
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Earlier in the year Mr. G. Tilghman Richards presented to the Society Memoranda re 
Annular Type Aeroplanes, comprising patents, photographs and calculations of the well- 
known Cedric Lee annular gliders and aircraft, covering the period 1910-1914, which are of 
considerable historical interest. 

In September Dame Katherine Furse presented to the Society a number of valuable 
photographs of Wilbur Wright and his aeroplane at Pau in 1909. 

Lord Nathan, Minister of Civil Aviation presented to the Society a collection of 
specially bound technical and historical books in English, French and German. 


FINANCE 


The Income and Expenditure Accounts and Balance Sheets of Aerial Science Ltd. and 
Aeronautical Trusts Ltd. for 1947 are published with this report. 


LIBRARY 


The Library of the Society acquired during the year. through the generosity of Sir 
Frederick Handley Page, the very remarkable Hodgson-Cuthbert Collection, consisting of 
rare aeronautical books, prints and relics covering the history of flight. In January 1948 
the President, Dr. H. Roxbee Cox, held two receptions at the Society’s headquarters to give 
members an opportunity of seeing as much of this collection as possible. 

Many other gifts have been made during the year to the Library and acknowledged 
in the Monthly Notices. Although the Library has one of the finest aeronautical collections 
of books and pamphlets in existence, the severe restriction on space has prevented the 
acquiring of many books which should be on the shelves. 

During the year members have taken full advantage of the opportunity to borrow books 
by post and of making use of the remarkable slide collection owned by the Society. The 
number of technical inquiries has steadily increased since the end of the war. 


JOURNAL 


The Council again wish to place on record the work done by the JoURNAL Committee 
under the Chairmanship of Mr. G. H. Dowty. Paper restrictions and printing difficulties 
have prevented the JOURNAL being enlarged. The Council have continually under review 
the necessity of publishing more papers and it is hoped that arrangements can be made in 
1948 to enable this to be done. 


PRESIDENT’S BADGE OF OFFICE 


On the occasion of the 80th Anniversary of the foundation of the Society, Sir Frederick 
Handley Page, then the President of the Society, arranged for a President’s Badge of Office 
to be designed by the Rev. A. G. Wyon, in gold and enamel. It was made by the Gold- 
smiths’ and Silversmiths’ Company, and presented to the Society in September 1947. 

The design, in colour, was printed as a frontispiece in the May 1948 JOURNAL. 


OFFICERS AND COMMITTEES 


The Council wish to place on record their appreciation of the work which has been 
done by the Honorary Officers of the Society during the year. 

Captain C. F. Uwins, F.R.Ae.S., the Honorary Treasurer, has given invaluable advice 
and help on financial matters. 

Mr. J. E. Hodgson, Honorary Librarian for so many years, has again during the year 
1947 continued to advise the Society on all matters pertaining to the Library. 

_ The Council wish particularly to place on record their appreciation of the work of the 
various Committees. Much of the work being done by certain of the Committees has 
involved many meetings during the year and the results which they have achieved will 
prove of great value to the Society. 
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1946 Figures 


19 0 
4447 19 O 
1910 12 11 
6187 19 4 


3096 8 11 
4853 17 4 


(Transfer from Staff 
Pension Fund) 


7950 6 3 
1307 7 4 

_ 
“9257 13 7 
21805 3 10 


1946 Figures, 


Share Capital-- 
Authorised— 

20 Shares of 1/- each 

999 Shares of £1 each ... ies 


Issued —19 Shares of 1/- each, fully eal 
Sundry Creditors 
Subscriptions and Other Amounts Received i in n Advance 
Publications Development Account 
Income and Expenditure Account— 
Balance at 31st December, 1946 . 
ess —Excess of Expenditure over r Income for year to date 


Memorial Fund. 
Trusts Ltd. as Trustee on completion of the necessary Trust Deed. 


ROXBEE COX, President. 


F. UWINS, Hon. Treasurer. 


Notre .—£4043 16s. 11d. 3 % Savings Bonds 1965/75 costing £4175 17s. 5d. are 
held by Aerial Science Ltd. on behalf of the Geoffrey de Havilland 
This Investment will be transferred to Aeronautical 
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THE ROYAL 
(Aerial 


Balance Sheet, | 3 


£ 


999 0 0 


1000 0 


9257 13 7 
1045 8 3 


6168 
2184 
6187 


8212 


€29754 


We report to the Members that we have examined the above Balance Sheet with the Books 
are of opinion that the Balance Sheet is properly drawm up so as to exhibit a true and correct 
information and the explanations given to us and as shown by the books of the Society. 


8, Frederick’s Place, Old Jewry, London, E.C.2 


5th April, 1948. 


22 


i 


Income and Expenditure Account | | 


To Establishment Expenses — 


7133 17 5 
1565 3 6 
1057 13 8 
959 16 


- 11517 19 8 


1645 9 O Ground Rent, Heating, Lighting and Insurance and Repairs, etc. 
Office and Staff 
6538 12 9 Salaries 
1278 5 3 Printing and Stationery .. : ae sae 
918 17 2 Postages and Telephone ... ses ax eee 
1070 18 2 Other Charges oun 
9806 13 4 
JOURNAL and Publications — 
8941 211 Printing Costs 
878 7 3 Postages es 
2561 17 11 Other Charges 
625 19 7 
(Special Publications) 
13007 7 8 
3525 11 0 Less—Sales ... i. 3595 19 4 
10486 0 O Advertisement. Revenue 
14011 11 O 
1004 3 4 (Surplus, transferred to Publications Development Account) 
— ,, Expenditure on Data Sheets less amounts recoverable 
= ». Cost of Printing List of Members = 
437 15 O ,, Meetings 
551 4 1 ,, Library Expenses 
114 12 6 ,, Branch Expenses 
96 13 4 ,, Prizes and Donations ine 
208 8 3. ,, Dinners and Receptions 
159 12 ,, Legal and Professional Charges 
524 12 4 ,, Staff Pension Premiums ... 
175 7 8 
(Examinations) 
1307 7 4 (Surplus) 
15027 15 4 
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990 4 11 
1953 7 O 
14461 11 2 


-«- 10179 0 0 18774 19 4 


£18531 17 8 


1509 


3 10716 10 10 


686 


1894 
1083 
396 
Til 
131 
163 
239 
195 
803 


s. 
0 8 1 


10 } 


a 


( 
( 
0 
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(Aerial | Science Limited) 
Sheet, | 3lst December, 1947. 
1946 Figures £ s. d. £ s.d 
Printed Books, Bindings, Old Prints, etc., at cost, less amounts 
50 0 O written off... aes 50 0 
1 0 Q Stock of JOURNALS and other Publications 1 00 
Investment in and amount due from Subsidiary Company — 
Aeronautical Trusts Limited— 
19 0 11 0 21 Shares of 1/- each, fully paid, at cost... t 1.0 
BS 63 21386 5 5 Amount due from Royal Aeronautical Society Endowment Fund 3696 1 0 3697 2 0 
4 12 3 21387 6 5 
7 19 4 Investments at Cost-- 
£2335 10s. 7d. 25 % Funding Loan, 2205 4 2 
£4550 Os. Od. 3 % Savings Bonds, 1960/70 .. a5 ee as 4050 © 0 
254 7801 4 2 £1050 3% Savings Bonds, 1965/75 . .. 1050 0 O 7801 4 2 
Value 31st December, 1947, £7961 Os. “Od. 
6141 9 11 Cash at Bank and in Hand ... 14 4 
a 259 91805 3 10 £22754 2 2 
of the Society, and have obtained all the information and explanations we have required. We 
view of the state of the Society’s affairs as at 31st December, 1947, according to the best of our 
(Signed) PRICE, WATERHOUSE & CO. 
count | for the Year ending 3lst December, 1/947. 
1946 Figures 
0 12072 8 9 By Annual Subscriptions ... 18747 3 0 
122 14 6 ,, Interest on (Gross) 6 
5 10 10 30 0 
(Income Tax Recovered) 
2496 15 11 ,, Interest on Endowment Fund Investments (less expenses)... --- 3142 15 7 332210 3 
2705 6 7 
;, Examinations— 
a Less Expenses ... - 6771610 16616 2 
—— Balance being Excess of over in year to 
6 5 
17 8 
20 
18 6 
15 3 
16 8 
3 0 
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4764 (15027 15 4 £18531 17 8 
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Share Capital— 
Authorised —40 Shares of 1/- each 


Issued —21 Shares of 1/- each fully paid 


Royal Aeronautical Society Endowment Fund— 
Capital Account —Balance at 3lst December, 1946... 
Add —Donations received during year ... ai 

Entrance Fees received during year 


Less —Loss on Salelof Investments 
Income Account —Accumulated Surplus at Bist 
ber, 1946 ses 


Pilcher Memonal Fund— 
Capital Account —As at 3lst December, 1946 
Income Account —Balance at 31st December, 1946 
Add—Income for year to date os oe 
Usborne Memorial Fund— 
Capital Account —As at 31st December, 1946 ... 
Income Account —Balance at 31st December, 1946 
Add }ncome for year to date 
Herbert Akroyd Stuart Fund— 
Japital Account —As at 31st December, 1946 ... 
Income Account — Balance at 31st December, 1946 
Add —Income for year to date 


R.38 Memorial Fund— 
Capital Account—As at 31st December, 1946 ... 
Income Account —Balance at 3lst December, 1946 Boe 
Add—Surplus of Income over Expenditure for year to date 


Edward Busk Memorial Fund— 
Capital Account —As at 31st December, 1946 
Income Account—Balance at 3lst December, 1946 


Less—Excess of Expenditure over Income for year to date 


Wilbur Wright Memorial Fund— 
Capital Account —As at 3lst December, 1946 ... 
Income Account—Balance at 31st December, 1946 
Add — Surplus of Income over Expenditure for year to date 


Simms Gold Medal Fund— 
Capital Account—As at 31st December,{1946 
Income Account— Balance at 31st December, 1946 
Less—¥Excess of Expenditure over Income for year to date 


Alston Memorial Fund— 
Capital ccouwnt—As at 31st December, 1946 .. 
Income Account--Balance at 31st December, 1946 
Add—Income for year to date 


Hl. ROXBEE COX, President. 
Cc. F. UWINS, Hon. Treasurer. 


We report to the Members of Aeronautical Trusts Limited, 


AERONAUTICAL 
Balance Sheet, 


2. 10. 
4 0 
127919 16 5 
64 7 6 
1520 19 O 
129505 2 11 
200 13 6 
129804 9 5 
5799 17 31351046 8 
99 14 O 
59 11 8 
40 8 63 12 4 163 6 4 
109 2 5 
15 
3 19' 7414 0 18316 5 
688 19 0 
457 13 5 
8 © 489 1 0 
978 310 
755 8 7 
20 18 10 776 7 5& 175411 8 
449 6 1 
220 4 10 
160 21818 10 668 411 
2136 17 11 
188 12 0 
518 4 194 10 4 2881 8 3 
§24 15 9 
47 18 9 
10 4 0 8714 9 562 10 6 
245 6 0 
45 16 7 
711 6 53 8 1 298 14 1 


£142245 19 10 
that we have examined the above 


explanations we have required. We are of opinion that the Balance Sheet is properly drawn up 
December, 1947, according to the best of our information and the explanations given to us and as 


$, Frederick’s Place, Old Jewry, London. E.C.2. 
5th April, 1948. 
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TRUSTS LIMITED 
3Ilst December, 1947 


Leasehold Property at Cost—Less amounts written off 


4, 8, and 9, Hamilton Place 
Furniture at cost, less depreciation 


Investments at Cost — £ 
£21081 19s. 1d. 35 % Conversion Stock ‘ «+ 21698 
£87235 12s. 5d. 3 % Savings Bonds, 1965/75. 87801 
£1000 24 % Defence Bonds ... 990 
£4100 L.N.E. Rly. 3 % Debenture Stock oe «. 3162 
£3100 L.M.S. Rly. 4 % Debenture Stock oe 3162 
£1000 Portiand Cement Manufacturers’ 

d. 5} % Preference Stock : 1723 
£1100 J. 7 J. Colman Ltd. 5 % Preference Stock + 2001 
£900 Lever Bros. & Unilever Ltd. 7% Pref. Stock .. 1875 
£1200 Morgan Crucible Co. 5 % — 
ence Stock ate 1757 
(Market Value 31st December, 1917, £15793) 
Cash at Bank ... sig 


Amounts due for refund of Income Tax — 


Less —Amount due to Aerial Science. Limited 
Pilcher Memorial Fund— 
£153 13s. 4d. 34 9% War Loan at cost wes 
(Market Value at 31st December 1947 — 
Cash at Bank a 
Usborne Memorial 
£170 15s. 1d. 34 % War Loan at cost... 
(Market Value 31st December 1947 £176) 
Herbert Akroyd Stuart Fund— 
£827 14s. Od. 33 % War Loan at cost 
£250 3% Defence Bonds at cost ‘ 
(Market Value 31st December 1947 £1,102) 
Cash at Bank ... 
R.38 Memorial Fund— 
£1338 18s. 7d. 34 % War Loan at cost... 
£350 3 % Defence Bonds at cost Pr 
(Market Value 3lst December 1947 £1,729) 
Cash at Bank . ads 
Edward Busk 
£453 2s.11d. 34 % War Loan at cost PEE 
£217 London Transport 44 % A’’ Stock, at cost 
(Market Value 31st December 1947 £746) 
Cash at Bank . 
Wilbur Wright 
£1246 18s. 1d. 34 % Conversion Stock, at coss 
£1242 16s. 10d. 3 % Savings Bonds, 1965/75 at cost 
(Market Value 31st December 1947 £2,576) 
Cash at Bank . 
Simms Gold Medal 
£300 3% Defence Bonds, at cost... 
£200 3 % Savings Bonds, 1960/70, at cost | 
(Market Value 3lst December 1947 £503) 
Cash at Bank ... 
Alston Memorial Fund— 
£252 14s. 10d. 3 % War Loan 1955/59 at cost 
£38 6s. 6d. 3$ % War Loan at cost 
(Market Value 31st December 1947 £297) 
Cash at Bank .. 


Balance Sheet with the books of the (Company and have obtained 
so as to exhibit a true and correct view of the state of the Company’s affairs as at 8lst 
shown by the books of the Company. 


a 
Aan 


all the 


(Signed) PRICE, WATERHOUSE & CO. 


7760 0 0 
2458 2 6 


123942 16 9 
4458 12 11 
180 15 6 


138800 7 8 


bac) 
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3696 1 0 135104 6 8 


156 5 O 


4 


174 11 1 
9 5 4 


848 19 0 
250 0 
1098 19 0 
1 6 
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183 16 5 


1178 5 


1754 11 3 


668 4 11 


2331 8 3 


298 14 1 


£142245 19 10 
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a 
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500 0 0 
62 10 6 562 10 6 
250 
290 0 0 
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AERONAUTICAL 
INCOME & EXPENDITURE ACCOUNTS 
Royal Aeronautical Society 


To Amortisation of Leasehold Property 
», Depreciation of Furniture 


,, Surplus of Income over Expenditure for year transferred to Aerial Science Limited 


To Income for year carried to Balance Sheet... 


To Income for year carried to Balance Sheet... 


To Income for year carried to Balance Sheet ... 


To 1947 Award 
, Surplus of Income over r Expenditure for year carried to ‘Balance Sheet 


To 1947 Award 


To 1947 Award 
», Surplus of Income over r Expenditure for year carried to ‘Balance Sheet 


To Income for year carried to Balance Sheet... 


485 0 0 
218 15 O 
3142 15 7 


£3841 10 7 


Pilcher 


4 


£4 0 8 


Usborne 
3.19 0 


£3 19 


Herbert Akroyd 


31 8 0 


£31 8 0 


R.38 


26 5 O 
20 18 10 


£47 310 


Edward Busk 


21 0 0 


£21 0 0 


Wilbur Wright 


75 0 0 
518 4 


£80 18 4 


Simms Gold 


25 4 O 


£25 4 0 


Alston 


£711 6 
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TRUSTS LIMITED 


FOR THE YEAR ENDED 3lst DECEMBER, 1947 


Endowment Fund. 


By Interest on Investments (gross) 
” ” ” ” (less Vax)... 
Refund of Income Tax 


Memorial Fund. 


By Interest on Investments (gross) 


Memorial Fund. 


By Interest on Investments (gross) 


Stuart Fund. 


By Interest on Investments (gross) 


Memorial Fund. 


By Interest on Investments (gross) 


Memorial Fund. 


Interest on Investments (gross)... 
(less Tax) 
Refund of Income '‘l'ax 
, Excess of Expenditure over Income for year carried to Balance Sheet 


Memorial Fund. 


By Interest on Investments (gross) 
(less Tax)... 
: Refund of Income Tax 


Medal Fund. 


By Interest on Investments (gross) 


», Excess of Expenditure over Income for the year carried to Balance Sheet ... 


Memorial Fund. 


By Interest on Investments (less Tax)... 
, Refund of Income Tax 2 


& a. ds 
7% 
1672 6 4 
1403 17 1 


£3841 10 7 


319 0 
£3 19 O 


y 
3 £4 0 8 
} 
£47 3 10 
160 
£21 0 0 = 
£80 18 4 
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| £25 4 0 
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OBITUARIES 


The year has seen the loss of many members of the Society. The complete list is as 


follows : — 


H. H. Aston (Associate) 

R. L. Betts (Associate) 

S/Ldr. D. L. Bisgood (Associate) 

C. R. P. Bizeray (Associate Fellow) 
C. M. Black (Graduate) 

Griffith Brewer (Honorary Fellow) 

R. A. Bruce (Fellow) 

W. Bryson (Associate Fellow) 

Captain R. G. Buck (Associate Fellow) 
R. Chadwick (Fellow) 

A. R. Code (Fellow) 

G. H. Ford (Associate) 

L. Foreman (Student) 

Lt. C. M. Gadda (Associate Fellow) 
S/Ldr. P. J. Garner (Associate) 

W. H. Hall (Associate) 

J. J. Hedges (Associate) 

S/Ldr. R. Kronfeld (Associate Fellow) 
B. V. Leak (Associate Fellow) 


EIGHTY-THIRD ANNUAL REPORT OF THE COUNCIL 


J. Lloyd (Associate) 

Dr. O. Mayer (Associate Fellow) 

S/Ldr. E. J. H. Moreton (Associate) 

J. G. Navarro (Associate Fellow) 

Captain D. Nicolson (Fellow) 

S/Lt. (A) I. P. Osler, R.N. (Student) 
Captain G. J. Overbeek (Associate) 

R. K. Pierson (Fellow) 

C. A. Pugh (Associate) 

W. B. Richardson (Student) 

H. C. M. Stevens (Associate Fellow) 

L. Szware (Companion) 

H. J. Thomas (Fellow) 

K. C. Thomas (Student) 

J. Webber (Associate) 

W/Cmdr. H. R. Wight (Associate Fellow) 
W /Cmdr. H. C. Witts (Associate Fellow) 
C. L. Wright (Associate Fellow) 

Orville Wright (Honorary Fellow) 


To those who have suffered the loss of one near and dear to them, the Council extend 


their deep sympathy. Many of those who died during the year played a great part in the 


activities of the Society itself. 


Griffith Brewer, who died on Ist March 1948, in his 81st year, was the first Englishman 


to go up in a heavier-than-air machine, and a friend of the Wright brothers since 1908. His 
death heralded a break with the pioneering days of aviation. He belonged to the generation 
which saw the birth of the aeroplane. Indeed, he was elected to the Society in February 1903, 
nine months before the first aeroplane flew. Twelve years before, he had made his first 
balloon ascent. He took part in many balloon races and his wife, in 1906, was the first 
woman to cross the Channel by air. 


During the whole of the forty-five years he was a member of the Society, Griffith 
Brewer played his part in moulding it, and watched it grow with an affectionate pride. 
Nothing indeed, gave him greater satisfaction than his election to the Presidency of the 
Society in 1940. 


From 1908, when he first met Orville and Wilbur Wright in France, and became the 
first Englishman to fly in an aeroplane, Griffith Brewer became an aircraft enthusiast. In 
1914 he first learnt to fly in America and in 1929 he took his certificate in Great Britain 
and qualified also as a pilot of the Cierva Autogiro. At the age of sixty-eight he was 
looping the loop at Hanworth. At the age of seventy-four he flew the Atlantic in a 
Liberator bomber. 


For many years a member of the Council, a Vice-President, President, and Honorary 
Fellow, Griffith Brewer was a friend of, and to, all those who were interested in the air. 
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In any future history of the early days of aviation and of the Society, the name of Brewer 
will be found linked with those of the brothers Wright, and of those pioneers in this country 
who have done so much to forward the art, science and engineering of aeronautics. For 
many years he paid an annual visit to Orville Wright, whose death came as a great shock 
tohim. A memoir of Orville Wright appeared in the JOURNAL for March 1948. 


During the year two great designers, Roy Chadwick and Rex Pierson, died. 


Roy Chadwick, who was elected to the Society in 1917, was killed in a development 
flight on one of the aircraft of his own design. Born near Bolton in 1893, Chadwick joined 
A. V. Roe in 1911 and became associated with the famous Avro 504. In 1927 he became 
the firm’s Chief Designer and was responsible for the Avro 625, a civil version of which was 
used by Imperial Airways. The military version became the famous Anson. During the 
war, out of the twin-engined Manchester, he developed the four-engined Lancaster, one of 
the most famous bombers of the war, the final triumph of which was Chadwick’s modifi- 
cation to carry the 10-ton bomb. 


In 1938 Chadwick was elected a Fellow of the Society. He served for some years on 
the Council and was a member of the Advisory Committee which advised the Ministers of 
Aircraft Production during the war. Sir Roy Dobson wrote of him: “His experience as 
an aircraft designer and engineer was unique in this country. He had a natural flair, which 
was quite uncanny, and which was backed up by a sound engineering and technical know- 
ledge quite out of the ordinary. He had no other hobbies except that of aircraft and they 
filled all his waking thoughts. ... I know that had he been spared another few years his 
name would have been blazoned forth once more as a man who had once again jumped 
ahead of modern thought in his own line, and it is going to be extremely difficult to replace 
such a man or get anyone to really carry out his work.” 


Roy Chadwick was awarded the C.B.E. in 1943 in recognition of his services to 
aeronautics. 


Reginald Kirshaw Pierson—Rex Pierson—was another member of the Advisory Com- 
mittee to the Ministers of Aircraft Production. Born in 1891 he became a pupil apprentice 
at Vickers Ltd. in 1908. In 1911 he joined Major Bertie Wood and Peter Acland in the 
aircraft department of Vickers at Brooklands. In 1917 Pierson became Chief Designer and 
produced, as his first machine, the famous Vimy, too late for active service in the 1914-18 
War, but destined to make the first non-stop flight across the Atlantic. A Vimy made the 
first flight from England to Australia. The Vernon troop carriers, the Valentias, Vanguards, 
Virginias and Victorias all added to their designer’s reputation. 


In 1934 came the Wellesley, the first aeroplane to be built on the principle evolved by 
B. N. Wallis. There followed the Wellingtons and Warwicks. The Wellington was one of 
the most widely used twin-engined bombers of the war. 


Rex Pierson’s experience of the big machine made his advice invaluable on the many 
problems which are raised by mere increase of size. Such problems were often discussed 
by the Advisory Committee during the war, and the soundness of Rex Pierson’s advice, 
and the correctness of his views of development during the ten years from 1943 have been 
amply borne out. He was elected an Associate Fellow of the Society in 1913 and a Fellow 
in 1926, and served for many years on the Council and many of its committees. He was 
awarded the C.B.E. in 1943 in recognition of his services to aeronautics. 


The same week that Rex Pierson died, there died R. A. Bruce, who can justly be said 
to be a pioneer of aviation. He was a fully trained and experienced engineer before he 
joined the British and Colonial Aeroplane Co. Ltd. which afterwards became the Bristol 
Aeroplane Company. In 1914 he joined the Royal Naval Air Service, but was released in 
1917 to take over the management of the Westland Aircraft Works, then a newly formed 
branch of J. B. Petters Ltd. Bruce remained with the Westland Aircraft Works until his 
retirement in 1933. Under Bruce’s guidance the firm imbibed those sound engineering 
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principles which have proved so valuable. Although he retired comparatively early Bruce 
continued to act as a consultant to within a few weeks of his death. He was elected an 
Associate Fellow in 1917 and a Fellow in 1928. 


By the death of Robert Kronfeld, gliding lost one of its most brilliant exponents. Of 
Austrian birth, Kronfeld came to England in 1930 and immediately made an impression on 
all whom he met by his skill and his enthusiasm in all things concerned with gliding. His 
first real success was at the Ninth Rhon Soaring meeting in 1928 when he set up a duration 
record of 7 hrs. 54 mins. In the following year he won a prize of £250 for being the first 
pilot to fly 60 miles in a sailplane. In 1931 he won the Daily Mail £1,000 prize for the 
double crossing of the Channel by sailplane. Each year saw some new soaring triumph. 
Following the outbreak of war in 1939 Kronfeld, commissioned in the R.A.F., became 
engaged on development work on military gliders and was awarded the A.F.C. in 1943, 
For his fine achievements in the field in which he had made so much his own, Kronfeld 
was awarded posthumously the British Silver Medal for Aeronautics by the Society in 1948. 


A man of great charm and modesty his loss is a severe one in the sphere of gliding. 
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THE ROYAL AERONAUTICAL SOCIETY 


CORRESPONDENCE 


PLANNED SERVICING OF AIRCRAFT 


In the discussion following that excellent lecture on “Problems Facing Civil Air 
Operations” by Mr. N. E. Rowe, published in the February 1948 JoURNAL, Mr. B. Kaiser paid 
the Royal Air Force a handsome compliment by referring to the Service’s scientific approach 
to the economies of aircraft maintenance. He referred to the planned inspection system 
particularly, which is now common practice in the Royal Air Force and is fairly well known 
outside. 


The planned inspection system, however, is only part of the story of the general ration- 
alisation of flying and aircraft maintenance that has been taking place in the R.A.F. since 
the war. Planned inspection is part of the larger picture of Planned Servicing which also 
embraces component servicing; a system of repair by replacement, whereby all the removable 
bits and pieces of the aircraft are systematically serviced separately in component bays. 
Between these predictable activities of servicing, the manpower for unforeseen repair and 
rectification is shunted to avoid wasteful idleness of men and aircraft. 


Much research has had to be done to find the right balance of men and aircraft to get 
this economy without compromising flying operations or flexibility of organisation. Mean- 
while, much more thought and action than hitherto is being given to aircraft design for 
easier servicing—especially in the field. This economic requirement for military aircraft 
does not necessarily mean design for long life. It is more important to have reliability 
during the predictable life of aircraft, which are in war, expendable weapons. Production of 
military aircraft, therefore, has to be geared to the potential utilisation to be obtained from 
them. For example, it is well known that during the last war bomber aircraft rarely flew 
long enough to experience a major inspection. With this fact in view an aircraft designed 
to run trouble-free, for say 5,000 flying hours, would obviously be wasteful of productive 
effort. What we do require, however, is trouble-free running during a major cycle of flying. 
Our immediate aim is 1,000 hours. 


Complementary to Planned Servicing is Planned Flying. The essence of Planned Flying 
is to effect greater utilisation of available aircraft: avoid irregular numbers of unservice- 
able aircraft due to flying; obtain the right ratios of air crew to aircraft; all in sympathy with 
the productive output of serviceable aircraft from the servicing organisation. In assessing 
all the factors the natural and imposed difficuities of the varying circumstances are taken 
into account, e.g. the weather or the available accommodation. In the latter respect there 
is no doubt that lack of proper technical accommodation is a handicap to real efficiency at the 
present time. Mr. Kaiser mentioned the difficulties of the conventional hangar to fit in with 
modern plans for economy. It may be of interest to the Society that I have submitted to 
the Air Ministry a completely new hangar design which has economy of overheads in view. 
The hangar is octagonal in shape, containing eight radially disposed aircraft bays around 
a central stalk of offices, stores, component bays, heating and power plants. The complete 
self-contained structure will be situated centrally in the technical site of an airfield. It is 
considered that the new design will considerably reduce the servicing and maintenance 
costs, including heat, light, power floor space, man hours, porterage, etc. For instance, each 
aircraft bay has its own hangar doors, therefore the heat lost and the man-hours lost by 
disturbance of work on the floor due to movement of aircraft in and out of the hangar is 
only incidental. 


E. A. Harrop, O.B.E., Assoc. Fellow (Squadron Leader, R.A.F.). 
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REVIEWS 


Molesworth’s Aeronautical Engineers’ Pocket-book. Edited by A. P. Thurston, M.B.E., 
D.Sc., M.I.Mech.E., F.R.Ae.S. and R. N. Warring, Stud.R.Ae.S. E. & F. N. Spon Ltd., 
London, 1947. £1 10s. Od. net. 532 pp. 


One of the major difficulties about any Engineers’ Pocket-book is to decide the right 
size of the engineer’s pocket, from the cost point of view as well as from the point of view 
of the actual dimensions of the pocket. 


Despite its 532 pp., this second edition of Molesworth’s Aeronautical Engineers’ Pocket- 
book will go into a jacket pocket, but, alas, only at the cost of depleting another pocket of 
£1 10s. Od. 


The Pocket-book covers a wide range, some of it useful and some of it very far from 
being so. Both the cost and size, indeed, would have been considerably less if careful 
thought had been given to pruning the information supplied to the editors. In times of 
plenty there is no harm in being lavish, but shortage of paper does demand that what is 
printed should be directly useful. For example, Section V on Materials consists of some 
56 pages. Of these pages all but six consist of D.T.D.’s in classified and numerical form, 
alphabetical lists of A.G.S. parts and lists of B.S. specifications, all of which there is no 
difficulty in obtaining by those who are called upon to use them. 


There is, indeed, a great unevenness in the choice of material. Careful consideration 
to the use of the information required by aeronautical engineers (and it is after all called an 
aeronautical engineer’s pocket-book) will lessen the cost of future editions and enhance their 
value. 


The pocket-book is extremely well reproduced. 


ACC 


AEF 


Alf 


+ 
{ 
2 4 
3 
| 


AN APPRECIATION 


The Council of the Royal Aeronautical Society wish to thank 
those Companies who, by their generous co-operation, have 


done so much to help in the production of the Journal 


ACCLES & POLLOCK LIMITED AIRSPEED LIMITED 


AEROPLANE & MOTOR ALUMINIUM AIRWORK LIMITED 
CASTINGS LTD. 


AIRWORK 


LIMITED 


ALUMINIUM GRAVITY DIE CAST CYLINDER HEAD 


AIRCRAFT MATERIALS LIMITED ALVIS LIMITED 


STRUCTURAL MATERIALS 
and COMPONENTS 
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ARMSTRONG SIDDELEY MOTORS LTD. BLACKBURN AIRCRAFT LTD. 


Blackburn 


[| AIRCRAFT / 


a SIR W. G. ARMSTRONG WHITWORTH JAMES BOOTH & COMPANY LTD. 1 
AIRCRAFT LTD. 


SIR W. G. 
ARMSTRONG WHITWORTH 
AIRCRAFT LIMITED 


BIRMINGHAM 


REGISTERED TRADE 


\ 
je 


AUTOMOTIVE PRODUCTS COMPANY LTD. BOULTON PAUL AIRCRAFT LTD. 


(HIGH PRECISIONM HYDRAULICS =z) 


AVIMO LIMITED THE BRISTOL AEROPLANE CO., LTD. 


, 


OPTICAL - MECHANICAL - ELECTRICAL INSTRUMENTS 
AERONAUTICAL EQUIPMENT 
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THE BRITISH ALUMINIUM €0., LTD 


THE BRITISH AVIATION INSURANCE CO. LTD. 


THE 


BRITISH AVIATION 


INSURANCE COMPANY LIMITED 


3-4 LIME STREET - LONDON : E.C.3 
Phone: MANsion Hse. 0444 Grams: Aviacoy, Lime, London 


BRITISH WIRE PRODUCTS LTD. 


BROOM & WADE LTD. 


“BROOMWADE 


AIR COMPRESSORS 
AND PNEUMATIC TOOLS 


BROWN BROTHERS (AIRCRAFT) LTD. 


THE DE HAVILLAND AIRCRAFT 


COMPANY LTD. 


DOWTY EQUIPMENT LIMITED 


DOWTY 


UNDERCARRIAGE AND 
HYDRAULIC EQUIPMENT 


DUNFORD G&G ELLIOTT (SHEFFIELD) LTD. 
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DUNLOP RUBBER CO., LTD. FOLLAND AIRCRAFT LIMITED 


HAMBLE, SOUTHAMPTON 


ENGLISH STEEL CORPORATION LTD. 


THE FAIREY AVIATION COMPANY LTD. HANDLEY PAGE LIMITED 


HICH- PERFORMANCE SERVICE AIRCRAFT 


FIRTH-VICKERS STAINLESS STEELS LTD. HAWKER AIRCRAFT LIMITED 


/ an IRCRAF ANB 
GLOSTER AIRCRAFT CO., LTD. | 
RAIR 
} 
xx 


THE HESTON AIRCRAFT CO., LTD. 


1, M HOBSON LTD. 


Hobson 


F. A. HUGHES & CO., LIMITED 


ELEKTRON 


MAGNESIUM ALLOYS 


HENRY HUGHES & SON LTD 


THE HUGHES-JOHNSON STAMPINGS LTD. 


IMPERIAL CHEMICAL INDUSTRIES LTD. 
(METALS DIVISION) 


INTEGRAL LIMITED 


INTEGRAL 


HYDRAULIC PUMPS 
AND EQUIPMENT 


IRVING AIR CHUTE OF GREAT BRITAIN LTD 
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K.L.G. SPARKING PLUGS LTD. 


SPARKING PLUGS AND 
IGNITION EQUIPMENT 


KELVIN BOTTOMLEY & BAIRD LTD. 


LIGHT-METAL FORGINGS LTD. 


LODGE PLUGS LIMITED 


PLUGS 


MARSTON EXCELSIOR LIMITED 


WY 


THE MOND NICKEL COMPANY LTD 


D. NAPIER & SON LIMITED 


NORMALAIR LIMITED 


NORMALAIR 
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